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ADVERTISEMENT. 

% 

Jt is many years fince I publifhed a Tranflation of the firft five books of Vitruvius; in¬ 
tending, if it met \tfith approbation, to tranflate the remaining part of that Author. Having 
the fatisfadlion to find the work approved, I have been induced to proceed with it, as my 
intervals of leifure permitted: but the requifite attention to the duties of my profeflion, 
and a very precarious ftate of health, have retarded its progrefs. And, during the laft eight 
years, the eretftion of the new Chapel in Greenwich Hofpital * has fo fully occupied my time, 
as to allow me no opportunity of attending to this work. In proceeding with the tranf¬ 
lation of the latter books of Vitruvius, feme additional explanations, emendations, or remarks 
relative to the former have occurred. Part of thefe could be moft cpnveniently fixed in the 
places to which they belong ; they are therefore printed feparately for that purpofe, and will 

9 

be given to the purchafers with the fecond part of the work. The reft are annexed in form of 

an Appendix. An Index is adjoined, numbered according to the books and chapters ; by which 

€ 

means it will fuit not only this, but in a great meafure all other tranflations and editions of 
Vitruvius. 

WILLIAM NEWTON. 


* In a work lately publifhed, inticled An Hijlorical Account of the Royal Hofpital for Seamen at Greenwich , it may be ob- 
ferved (at p. 100) that the defigning of the new chapel is aferibed folely to the late Mr. Stuart. The refpeft which is 
due to truth, and a reputation fairly earned, obliges me to notice that aflertion, and to embrace this opportunity of dating 
the cafe to thofc who may think fo trifling a circumftance worthy of attention. In the year 1782, when the chapel was 
begun, Mr. Stuart was far advanced in age; and had, for many years preceding his death, been extremely infirm. On 
this, occafion therefore, which called for a union of experience and activity, I was authorifed by the Directors of the Hof- 
pital to a-fiift him. The general defigns for the chapel I made that year; and continued to produce the reft, from time to 
time, until its completion in 1790, two years after Mr. Stuart’s death. The only parts of the building in which Mr. 
Stuart had any (hare, were the ornaments of the cieling, the frame of the altar-pitture, and the balufters ufed in the two 
ftde galleries: thefe, with the carving of fome ftone mouldings, taken from Greek examples in his Antiquities of Athens, 
were all that he determined ; the remainder were of my defigning, or my felcdting, where the antique has been feledfced. 
This being the fadt, and the building having obtained fome commendation, I conceive myfelf juftified in thus publicly 
aflerting my claim to a (hare of the work; although I at the fame time become refponfiblc for a greater portion of its 
errors. I do not mean to charge the authors of the above-mentioned Hijlorical Account with any deliberate intention to 
injure my fame, or deprive me of what little reputation I may deferve ; their book was publifhed under the fandtion of the 
Governors of the Hofpital. Mr. Stuart was the regular furveyor, whole duty it was to provide whatever architcdtural 
dcflgns may be required j and therefore the laws and forma of that eftablifhment were complied with, in his appearing 
oftenfibly ro be the defigner of that edifice, and alfo of the new building appropriated to the education of the charity 
boys, although it was entirely executed from my defigns. 
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BOOK THE SIXTH. 



PROEM. 

-^\lRISTIPPUS the Socratic Philofopher, when fhipwrecked on the coafi: of Rhodes, 
obferving fome geometrical figures there defcribed, is laid to have called to his companions 
thus : cc Rejoice ! for I fee the figns of men 1” and immediately fought his way to the city of 

t* 

Rhodes $ where going dire&ly to the Gymnafium, and dilcourfing on philofophy, he was fo 
enriched with prelents as not only to fupply himfelf, but alfo all thofe who accompanied 
him, with apparel and other neceflaries of life. When his companions intended to return 
to their own country, they alked him what he would have them fay to their countrymen ; 
upon which he bade them fay that the poflelfions and endowments they provided for their 
children ought to be fuch as would relieve them even from the diftrtfies attending fhip- 
wreck; for fuch were the true fupports of life, which neither the advcrfe blafls of fortune, 
the changes of public affairs, nor the devaluation of war, could affedt. Theophraftus alfo, 
enlarging on the proverb, that the learned, rather than the rich, ought to be honoured, 
writes thus: The learned only, cither when travelling in foreign countries, or under the lofs 



( i "’J Giiliani here obferves that the word Gymnafium is no where elfe mentioned by Vitruvius ; which mull be an over- 
fight : for it is mentioned in the lafl: chap, of the firft, and in the fifth chap, of the feventh Book. 



► 
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VITRUV IUS. 


of relations and neceflaries, are in no want of friends, but are citizens in all cities, and 

* 

may fearlefsly defpife the accidents of fortune: but he who is ignorant, and thinks himfelf 

fecured by his wealth, walks on flippery paths, and pafies an uncertain and hazardous life. 

% 

Epicurus in like manner fays, the wife are rarely indebted to fortune, becaufe all things that 
are efientially neceflary are within the command of the mind and underftanding. 


As many of the philofophers have thus argued, fo likewife the poets, who have written 
the antient Grecian dramas, have pronounced on the ftage the fame fentiments in verfe; as 
Euchrates, Chionides, Ariftophanes, and above all Alexis, who fays, the Athenians deferve 

particularly to be commended, becaufe, whereas the laws of the Greeks oblige all children to 

% 

fupport their parents, the Athenians confine it to thofe only who have inftruded their children 
in fome art: for of all the gifts of fortune they may be ealily deprived ; whereas knowledge, 

4 

united with the mind, never fails, but remains fixed to the utmoft verge of life. 


I therefore have great and infinite obligations to my parents, who, approving the Athenian 

4 

laws, took care to have me inftruded in an art; and that one, which cannot be well pradifed 
without fome knowledge of literature and the fciences. Having then, by the care of my 
parents, and the inftrudion of my preceptors, the means of acquiring knowledge, and being 
pleafed with literary and philofophical fubjeds, I ftored my mind with thefe pofTeflions, of 
which the advantage is, the never more being in want : and it is the great advantage of riches 
to want for nothing. But perhaps there are fome who, judging erroneoufly, may think 
thofe only are fkilful who are rich : for which reafon, many aiming only at that end, by 
joining affurance with riches,. have obtained reputation. But I have not, O Ca;far, endea- 
voured to obtain wealth by my art, having preferred a little, with a good name, to an abun¬ 
dance, attended with infamy : fmall therefore is the fame I have obtained $ yet by thefe 
volumes I hope to be known to pofterity. 


Nor is it to be wondered at that I may be to many unknown : other architeds folicit and 
make intereft to be employed ; but I have learnt from authors that it is proper to be requefled, 
not to requeft, to be entrufted. Befides, the ingenuous blufh and are flruck with fhamc in 
afking a favour ; for the givers, not the receivers, of benefits are courted. But what can we 
think muft be fufpededby him who is requefled to entruft another with the care of his pro¬ 
perty, but that the other’s gain and emolument is the caufe of the rcqucfl ? The antients 
therefore committed their works to fuch architeds only as were of approved families, en¬ 
quiring whether they had been well educated and were ingenuous and modcfl; judging the 
bold and arrogant not fit to be trailed. The artifls themfelvcs alfo inflrudcd none but 
their own children or kindred, and brought them up honefl men, to whom things of value 
might be fafely committed. When therefore I obferve the illiterate and unfkilful pretend 
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to fuch an art, who not only of archite&ure, but of every thing relative to fabrics, are igno- 

I 

rant $ I cannot blame thofe fathers of families who, confiding in their own knowledge, ma- 
nage their buildings themfelves; judging that, if they muft be committed to the unfkilful, it 
is better to {pend their money according to their own pleafure, than that of another. Hence 
it is, that no one attempts to pra&ife at home any other art (as that of a {hoe-maker, fuller, 
or others yet more eafy), except that of architecture ; becaufe many who profefs it, are not 
really /killed in the art, but are falfely called architects. 

For this reafon I have been induced to write a treatife of Architecture, and the principles 
thereof, believing the gift will to all people be acceptable. As then in the fifth book I have 
written of the conftruCtion of public works, in this I fhall explain the principles arid pro¬ 
portions of private edifices. 


<*> By this paflage we learn that the famous Vitru¬ 
vius, the father of the art, and chief fountain from 
whence we draw our prefent knowledge of the theore¬ 
tical part of architenure, was in his own time^ negletted, 
and little employed. We alfo learn that then, as in our 
days, perfons unfounded and ignorant in the art af- 
fumed the name of Architc&s, and have obtained more 
employment and encouragement than thofe who were 
well fkillcd in their profeflion. This will probably ever 
be the cafe. For the habits of ftudy by which know¬ 
ledge is acquired, and perhaps the turn of mind and 
diffidence which, as Vitruvius fays, generally accom¬ 
panies men of fcnfibility and merit, unfits them for 
dealing with the world ; they are either afhamed, or dif- 
dain to make ufe of that craft, political cunning, and 
fertility, which, according to the ftate of mankind in 

fome ages, are the necefiary fteps to fuccefs. On the 

} * • 

contrary, th&fe who have fpent their time, not in their 
ftudy, but in the world, habitually acquire that confidence 
which, notwithftanding the difeovery of their ignorance. 


9 

naturally prevails, and as naturally produces errors and 
evils as the confequcnces. 

It appears then it muft be very accidental if men of 
merit are fuccefsful. They cannot feek, they muft be 
fought; and there are few men who choofe to take that 
trouble, finding it eafier to yield to the folicitations of 
thofe who afk, than fearch for thofe who deferve. The 
generality indeed are nor able to difeover the deferving. 
But this might be expefted from men of rank and 
fortune, from their fuperior education, and who owe it 

9* 

as a duty to their country to promote its honour and 
intereft. In them therefore the negleft of merit is more 
cenfurable, or their being impofed on by the ignorant, 
more fhameful. 

Men of knowledge however muft generally expeft to 
be neglected, and be content with little, and the happy 
tranquillity of their ftudy ; or, if they defirc wealth and 
employment, forfake their ftudies, and prepare for the 
doom that awaits them, the troubles that ever attend a 
great intcrcourfe with the world. 
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Of the Difpofition of Buildings, according to the different Climates, and 

the various Afpefts of the Heavens. 



OR thefe to be properly conducted, the region or climate of the world in which 

they are to be ere&ed fhould be firft confidered:-Egypt requires one manner, Spain 

another, a different one at Pontus, another at Rome; and fo of other countries and climates, 
the nature of which fbould determine the ftyle of the building: for fome parts of the 
earth are annoyed by the heat of the fun, fome are too far from it, while others again are of 
a moderate temperature. As then, by the conffitution of the world, the inclination of the 
zodiac, and the courfe of the fun, the feveral parts of the earth are naturally of different 
temperatures ; fo the difpofition of buildings fhould be regulated by the nature of the cli¬ 
mates, and the various pofitions of the heavens. Edifices in the northern parts fhould be 
vaulted and inclofed; not laid open, but turned to the warm afpedls: on the contrary, in the 
fouthern regions, which are oppreffed by the intenfe heat of the fun, they fhould be built 
open and expofed to the north and eaft; and thus the ill effects of nature may be corrected 
by art. Other climates alfo maybe qualified by fimilar means, according to the pofition of 
the heavens with regard to the earth. But thefe mud be determined by obfervations on the 
nature of the place, as well as on the members and bodies of the. inhabitants : for in places 
where the fun moderately fheds his beams, the natives are of a temperate conftitution ; where 
it fliines vehemently, it exudes and deftroys the temperature of the humours; and, on the 

4 

contrary, in the frigid regions, which are far diftant from the fouth, the humidity not being 
exhaled by heat, the dampnefs of the atmofphere infufes watery humours in the inhabitants, 

f 

and caufes them to have larger bodies and bafer voices: this is the reafon that thrf northern 
people are of huge ftature, white colour, have ftraight and red hair, grey eyes, and much 
blood; all which are occafioned by the abundance or moifture and coldnefs of the air : while 
thole who live near the meridian axis (equator) under the line of the fun, are of fmaller 
ftature, fvvarthy colour, having curled hair, black eyes, weak legs, and a fmall portion of 
blood, owing to the violent heat of the fun : having therefore but a fmall quantity of blood, 
they are more timid in war, but will endure heat and fevers without fear, becaufe their bodies 
are nouriffied by heat; while the people who are born in the northern climates are more 

4 

fearful of, and affedted by, fevers; but, being replete with blood, arc undaunted in war. 


Nor is there lefs difference and variety in the founds of the voices of different nations j 
for at the limits of the caft and weft, near the cquidivifion of the earth, where the fuperior 
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part of the world is divided from the inferior, there appears to be naturally a level circle, 
which the mathematicians call horizonta : retaining this in mind, from the edge which is in 
the northern region, fuppofe a line to be drawn to that which is in the meridian axis, from 
whence another oblique line is drawn up to the cardinal point (the pole) which is at the north 
ftar; we fhall then obferve that this forms a triangular figure fimilar to the inftrument which 

t* # 

the Greeks call fambucen . Now as this oblique line, near its termination in the meridian 
axis, is but little diftant from the bafe, the tone of voice of the people dwelling in thofe parts, 

4 

on account of the fmall elevation of the pole, is exceedingly fhrill and acute; as is the tone of 
that part of the ftringed inftrument which is near the angle. Thofe who inhabit the middle 
part about Greece, abate in the acutenefs of their voices. Proceeding from the middle to 

M A 

the extremity under the northern ikies, the fpeech of the people gradually becomes more and 
more bafe. Thus it appears that the whole world, by the due declination and temperature of 
the fun, is conftituted harmonically; and hence the people who inhabit the middle parts between 
the meridian axis and the northern regions have, as in the mufical fcale, a moderate tone of 
voice. Advancing northward, as the pole has a greater elevation, fo the people being fuller 

i 

of moifture have naturally bafer voices, like the founds of hypatos and projlambanomenos. And 
for the fame reafon, from the middle parts towards the fouthern nations, the voices of the 
people are more fhrill, like the acute found of paranete. 


That the voice is rendered bafer by the humid nature of a place, and more acute by its 
fervidity, may be thus experienced. Take two veflcls equally burnt, in the fame furnace, of 

i ♦ 

equal weight and yielding the fame found: immerfe one of thefe in water, and when it is 
taken out, upon ftriking both there will be perceived a great difference in their founds, nor 
will they be of the fame weight. So it is with human bodies, although of the fame fhape 
and bom under the fame conjundtions of the planets : fome, on account of the heat of the 
climate, fpeak in an acute tone; while others, from the abundance of moifture, utter the 
loweft degrees of found. The clearnefs of the atmofphere alfo, owing to the fervent heat, 

f 

renders the fouthern people quick of mind and ready in devices ; but the northern nations, 
who breathe a grofs atmofphere, have, on account of the cold humidity of the air, more ob- 


(i*) By meridian axis, which I have rendered lite¬ 
rally, it is evident that Vitruvius does not mean the 
fouih pole, but fome point in the equator, for he fpeaks 
of it as being under the line of the fun. He feems to 
have an idea, that the earth extended no farther fouth- 
ward than the equator, and that Greece was fituatcd 
about the middle between it and the mod northern parts j 
fo that the figure he deferibes may be conceived thus : 
The circle ADB is the horizon. 

A the edge in the northern region. 


B that in the meridian axis, or equator. 

C Media Gnecia. 

* the north ftar. 

(2*) Suppofed by fome to be a kind of harp, by others 
the fyrinx or triangular fet of reeds with which the god 
Pan is ufually reprefented , it is probably the former, as 
Vitruvius ufes the words organo chorda prcfently after. 
At the laft chapter of the tenth book it is again 
mentioned. 

c 
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tufe intellects. This may be obferved by ferpents, which, When the cold vapours are difpelled 

)* r 

by heat, move with vivacity; but at Brumalia, and in winter time, by the coldnefs of the 
air, they become fluggilh and ftupid : it is therefore no wonder that the intellects of men 

4 

fhould be rendered more acute by the warmth of the air, and more heavy by its frigidity. 
But although the fouthern people have the moft acute intellects, and are extremely fagacious 

w 

in council, yet in courage they fail, the fun abforbing their fpirits; while thofe who are born 
in cold climates are prompt to the ardours of war, and without fear vigoroufly make their 
attacks; but having dull intellects, and rufhing on without confideration or judgment, 
their attempts are eafily defeated. 


Thus by the conftitution of nature all nations differ, according to the variations of the 
climate ; and it has fo happened that the people of Rome poflefs the middle parts and regions 
of the whole earth, and for that reafon the Italians have a due mixture, both of ftrength of 
body, and vigour of mind. For as the planet Jupiter, which moves between the fervid 
orbit of Mars, and the cold orbit of Saturn, is of a due temperature : fo the people of Italy 
being fituated between the northern and fouthern regions, and having a due mixture of both, 
have thofe qualities that render them invincible; overcoming by fagacity the force of the 
Barbarians, and by force the fagacity of the fouthern nations. The divine Mind has thus 
fituated the city of the Roman people in an excellent and temperate climate, that they might 
poflefs the empire of the whole earth. Since then the feveral parts of the earth are, from the 
inclination of the heavens, of various temperatures, and the inhabitants are, by nature, 
accordingly varied in the qualities of their minds as well as in the figure of their bodies, we 
can have no doubt but that the diftributlon of buildings fhould alfo be adapted to the quali¬ 
ties of the different countries and people, as it is, by Nature herfelf, wifely and plainly in¬ 
dicated. 


Thus I have explained, as well as I have been able, the chief rules regarding fituations ac¬ 
cording to the nature of things, and have fpoken of the fuitablenefs of edifices to the dif¬ 
ferent conftitutions of the people, occafioned by the pofition of the fun, and declination of 
the heavens : I fhall now therefore briefly treat of the feveral kinds of fymmetry to be ufed 
in buildings, as well in the whole, as in their feparate parts. 


(3*) Brumalia was the time of the feafts of Bacchus, 
celebrated at the beginning and end of winter, one on 
the 15th of Auguft, and the other on the lafl day of 
February. 


(4*) The antient planetary fyftcm muft here again be 
recollected, which placed the Earth at reft in the center. 


the Sun and the other planets moving round it in the 
order following: ift, the Moon 1 2d, Mercury j 3d, 
Venus; 4th, the Sun; 5th, Mars 1 6th, Jupiter ; and 7th, 
Saturn: fo that, according to this fyftcm, the orbit of 
Mars was next to that of the Sun, and therefore fuppofed 
to be in a great degree of heat. 
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Of the Proportions of private Buildings. 


N 


OTHING ought to be more the care of an Architect, than that the feveral parts of 

♦ 

an edifice be in exalt proportion ; when therefore the kind of fymmetry and the magnitudes 
are fettled, it is then the part of the judgment to adapt them to the nature of the place, the 
ufe, or the fpecies, and, by diminution or addition, to qualify the fymmetry, till it appears 
rightly adjufted, and leaves nothing defective in the appearance. For fome objects are to be 
viewed near, others elevated ; fome are inclofed, others expofed ; in all which, great judgment 

is required to modify them fo that at laft the work may be perfell: for the fight does not 

$ 

always inform juftly, but often differs from the judgment; as in painted fcenes, where columns, 
mutules, and ftatues, feem to projelt and be prominent, although they are undoubtedly flat 

If 

planes. The oars of fhips likewife, when under water, are really ftraight, notwithftanding 

% 

they appear to the eye to be crooked ; for the inftant before their ends touch the furface of 

* 

the water they appear ftraight, as they are 5 yet as foon as they are plunged into the water, 
by means of the tranfparent medium, their images are refra&ed toward the furface, and caufe 
them to appear crooked ; and whether this be owing to the impulfe of the images, or to the 

1 

divergence of the rays from the eyes, whichever philofophers will admit, we however find that 

*# 

either way the eyes are deceived. As then things may appear falfely, and may be different 
from what they feem to the eyes, I think it cannot be doubted, but that we fhould diminifh 
or enlarge objelts according to the nature of their fituation, in order that no part of the 
work may be unfatisfa&ory ; but this muft be effected by the acutenefs of genius, and cannot 

j * 

be taught by precepts. 


(1*) This paflage affords good reafon for believing 

s 

that the antients well underftood the art of perfpeCtive, 
which fome have doubted on account of the defe&ive 
examples of it which have come to our knowledge. 
See alfo the Proem to the feventh book* 

(2' 1 ") Vitruvius fpcaks according to the philofophy of 
his time in accounting for the crooked appearance of 
oars in the water j which is now known to be caufcd by 
the refraction of the rays of light pafling through that 
denfer medium. 

5 


(3 1 *) The fubjeft here treated of, viz. altering the 
ufual proportions of objects when placed in fome fitua- 
tions, or under fome peculiar circumftances, is a point 
much contefted. 

In firft determining or feleCting the proportion to be 
given to an objeCt, regard muft undoubtedly be paid to 
its ufe, place, or other circumftances * but that being 
done, whether a deviation therefrom may on any account 
be proper, is the queftion. 

The only, or chief, reafon that occurs to me for fuch 
deviation, is that without it the objcCt, when In its place. 
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The mode of the fymmetry therefore being foil fixed, the alterations are to be made 

% ^ 

thereon ; then the length and breadth of the plans of the feveral parts of the intended work 

are to be determined, the magnitude of which being fettled, the proportions are to be adjufted 

4 * 

according to the rules of decor, ib that upon examination the eurithmy may not appear 
deficient. By what means this may be effefled, it is my part to explain. And I fhall firft 
mention how cavsediums fliould be conftrudted. 



would not appear of the required proportion, or figure ; 
and that by the alteration (fometimes even to diftortion) 
the required appearance will be obtained. 

In all common fuuations, to which the eye is accuftomed, 
no deviation can be requifite, for in fuch cafes people 
have acquired by habit a power of allowing for appear¬ 
ances, perceive the real proportions of objeCts, and even 
fee ideally the whole of members partly hidden from their 
view. Indeed in no fituation do we ever fee the whole of 
an object; for the projections of fome parts always inter¬ 
cept the view of others: but we have acquired the power 
of allowing for the interception ; we can change our place, 
and obferve how the change affcCts the appearances of 
the members: we can alfo ufe the fenfe of feeling in fome 
cafes} and there may be other means that unobfervedly 
operate in enabling us to form a juft idea of the propor¬ 
tions and figure of objeCts in familiar Gtuations; in fuch 
the circle appears to us. truly circular, and the fquare 
truly reClangular, notwithftanding the obliquity of the 
view may make the vifual angle formed by one diameter 
left than that of the other. 

But in all unufual fituations, in which the eye is inex¬ 
perienced, fome deviation may be proper j as, for inftance, 
in extraoidinary heights or diftancesj in cafes of inten¬ 


tional deception, where the view is confined to one fpor, 
or fome particular end is aimed at; when the exprefiion 
of character is attempted, and where parts are required 
to appear larger or left than they are in reality, and where 
a variation from the ufual dimenfions of the accompanying 
objects may produce the effeCt defired. In uncommon 
heights alfo, the perpendicular furfaces being fo much 
hidden by the horizontal projeCtures, it may be proper to 
lefien the latter as well as to increafe the former, or to 
incline them forward, as Vitruvius directs in the third 
chapter of the third book. 

Such deviations I have myfclf frequently had occafion 
to praCtife, and fee the propriety of, particularly in the 
chapel of Greenwich Hofpital, where the effcCts often 
Angularly difappointed the expectation, and demanded 
the deviations mentioned. 

In thefe and fuch adjuftments no rules or precepts (as 
Vitruvius well obferves) can avail: natural power of mind, 
improved by obfervation and practice, can alone fucceed; 
and in this chiefly tafte, or the perception of beauty, 
propriety, and character, will be evident in the compofcr. 

/ 

(4*) For the explanation of decor, fee Book I. 
Chap. II. 
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Of Cavsediums* 


T 


diftinft 


i* 


Tufcan, Corinthian, Tetraftyle, Difpluviated, and Teftudinated. 


The Tufcan kind are thofe in which the beams fa a) that crofs the breadth of 

Fig. LIII. «* K ' 

the atrium, have interpenfivas (b b) ; and gutters (c c) proceeding from the angles 
of the walls to the angles of the joifts ; al/o from the aflers (e) the eaves water is difcharged 

3* 

into the middle compluvium (d d). 




(l*) The term cavasdium is derived from the words 
cava-aedium, and means courts or other void (paces 

a 

within the body of a houfe. 


(2*) Perrault has reprefented the intcrpenfivae as 
diagonal props or braces, their lower ends refting in the 
wall, and their upper ends fupporting the eaves projected 
forward : but this is not reconcileable to the words of the 
text, in the defeription pf the tetraftyle cavadium ; 
<« utilitatem trabibus & firmitatem prseftant, quod neque 
(t ipfse magnum impetum coguntur habere, neque ab 
“ interpenfivis onerantur;” which imply that the inter- 
penfiv® were things fupported, not fupports ; and alfo 
that they were not fuuated under the beams, but refted 
upon them. Perrault would interpolate the text in order 
to make it bear his conftruftion, by adding parietibus after 
trabibus , and thus transferring the allufion of the paffage 
from the beams to the walls. 

Galiani is of opinion that the interpenfiva; were two 
beams that laid lengthways of the cava'dium over the two 
beams that laid breadthways i and has tranflatcd the text 
accordingly. But as in fuch a cafe the beams on two 
fidcs of the cavtcdium would lie higher than thofe on the 
other two Tides, the columns that fupported thofe beams 
in the Corinthian cavtvdiums (which are deferibed to be 
the fame as the Tufcan, with only the addition of columns 
around) would alfo be of different heights \ which h an 
irregularity fo unufual that it cannot he admitted. Be fidcs, 
Vitruvius has in other places deferibed the beams by the 
term trabts, and it is not likely that in this place only he 
fliould have culled them interpenfiva:. 



Philander fuppofes the interpenfivae to be the joifts or 
timbers (b b) that were laid from the wall to the beams 
(a a) Fig. LIII. and LIV. which is alfo my opinion, ex¬ 
cepting that I believe the word was confined in its appli¬ 
cation to thofe cafes where the faid joifts proje&ed beyond 
the beams, forming what we now call con foies, or canti¬ 
levers, as in the Tufcan order according to the defeription 
of Vitruvius. But Perrault alleges, in oppofiticn to the 
opinion of Philander, that the interpenfivae are deferibed 

f 

to proceed from the angles of the walls to the angles of 
the joifts (tignze): that I think is not the cafe, as the 
words of the text may, and I believe do, allude to the 
gutters (colliquias), and not to the in terpen five. 

Perrault alfo differs from all the other tranflators in his 
acceptation of the word colliquias , which he has rendered 
the coycn, i. e. the rafters that are placed at the angles of 
roofs; but it is highly probable that it fignifies fome 
kind of gutters or channels, as it is generally underftood. 
Columella, 2. 8. ufes it in that fenfe, and Pliny, 18. 19. 
writes collicias (as it is alfo written in fome manuferipts 
of Vitruvius) in the fame fignificatiom 

0 

( 3 **) Barburo and Galiani fuppofe the compluvium to 
be a refervoir made in the middle of the pavement of the 
cavtcdium, but in the difpluviated cavsedium it is faid 
rhe compluviums being cieft intercept not the light from 
the apartmenrs. Which words forbid fuch a fuppoficion, 
and fiu*w that the compluvium mu ft be above the win¬ 
dows. Perrault judges it to be the gutter (d d) at the 
eaves where the rain water from rhe whole roof is col- 
hu'led { and this opinion fee ms to me to be juft, and is 

D 
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Fig LFII. * n ^ ie Uorinthian cavaedium, the beams and compluvium are difpofed in the 
andLVIil . f ame manner; but as the beams project from the walls, columns are arranged in 

i 

the circuit around. 


Fig. LIK 


The tetraftyle are thofe wherein columns (g g) are placed under the beams at the 
angles, giving ftrength and fupport to thofe beams ^ for by this means they are 


neither drained by their own great length, nor are they deprefled by the interpenfivse. 


The difpluviated are fuch in which the eaves that fupport the inclofure of the 
Fig. LK 4* 

gutters (deliquise) return backward: thefe are chiefly ufeful in winter apart* 
ments, becaufe their compluviums (a a) being ere£t, intercept not the light from the rooms ; 

but they have great inconveniences with regard to reparation, for the pipes (b b) that receive 

$ 

the water flowing from the eaves, being againft the walls, and not receiving quickly enough 
the defcending water from the gutters, it overflows and damages the internal work and walls 
in thefe kind of buildings. 


Fig. LFI. 


The teftudinated are made where the fpan (impetus) is not very great; and 

% 

fpacious apartments are eredted in the floors above them. 


corroborated by the following pafTage in Varro, book 
the 4th. cc In cavsedio fi locus nullus reli&us erat fub divo 
* c qui cflct, diccbatur teftudo: fi reli< 5 tus erac in medio 
« ut lucem caperet dcorfum qua impluebat, impluvium 
« diflum—&furfum qua confluebat, compluvium.”—“In 
<< t hc cavtedium, if no part be left uncovered, it is called 
«« teftudo ; if left uncovered in the middle to admit the 
« light, the place through which the rain falls is called im- 
tc pluvium ; and above where it flows together is called 
« compluvium.” From thc compluvium (d d) the water 
muft have been difeharged through the fpouts ufually 
formed in the fima of the cornice in the fliape of lions* 
heads, and either retained in a refervoir made in the 
middle of the cavsedium, or carried off* by drains. But 
in thc difpluviated caviediums the compluvium, which is 
faid to be ere£t, may have been placed on the top of the 
wall and behind the parapet; thc water being brought 

5 


down by perpendicular pipes fixed within or againft thc 
face of the wall, as is our prefent practice. 

(4*) The tranflators in general (led probably by thc 
comment of Philander) have underftood the word deli- 
quia in this place to fignify fome timbers of the roof or 
eaves, as Perrault has underftood co/liquias. But I cannot 
help being of opinion that both thefe words fignify fome 
kind of gutters, and that even from thc very paflage that 
Philander quotes from Scxt. Pompeius. This author 
ufes the words collitias and dclitias in thc fame fenfe, and 
fays the collitias tcgulas were a kind of tiles by which water 
was conveyed into veitels; they therefore muft have been 
a fort of gutter-tiles to anfwer that end : and this evi¬ 
dently Ihews the fignification of the word colli/ia, and con- 
fequently of deli quia. 


i 


* 



* 
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Of the Atrium, Alas, Tablinum and Periftylium, with their Dimenlions 


and Symmetry. 


T 


i* 


HE length and breadth of atriums are regulated in three manners: the firft is, when 
the length being divided into five parts, three parts are given to the breadth; the other is, 
when divided into three parts, two parts are allowed to the breadth ; and the third is, when 
a fquare of equal fides being formed on the breadth, and in that fquare a diagonal line 
drawn, the length of the atrium is made equal to that diagonal line; their height, to the 



(x*) Whether Vitruvius means the fame place by the 
words atrium and cavadium is a point that has never yet 
been decided. Perraulc believes them to be different 
apartments, Galiani afferts they are one and the (ame, 
and Barbaro and Palladio are of the latter opinion. 

Perrault alleges that atriums are deferibed by Vitru¬ 
vius to have ala: on the right and left, which has no 
fimilarity to any one of the five forts of cavsediums he 
deferibes. 

Galiani founds his opinion on Vitruvius ufing the 

I 

word atrium in deferibing the Tufcan cavadium, and his 
omitting to give the proportions of cavsediums till he 
treats of them in this chapter under the name of atriums, 
alfo on his mentioning in onepaffage at chap 8. vcjlibula , 

cavA-adium, perijlylia; and again in another paffage, 

% 

vcjlibula regalia , alt a atria , 6? perijlylia\ in which paf- 
fages, cav<cd\um in one, has the fame place as atria has in 
the other: Vitruvius alfo, he alleges, begins the chapter 
on atriums as if it were the continuation of the fubjeft he 
had been treating of in the foregoing chapter: Atriorum 
vero longitudincs, See. 

This fubjeft feems not fuificiently explained by Vitru¬ 
vius to admit of a fatisfa&ory decifion. 1 (hall however 
mention fuch obfervations as have occurred to me thereon. 
Cavaidiums, as their name imports, were covered or open 
areas, within the body of the houfe, from which (when 
open) the apartments around received their light, ns 
Vitruvius intimates in the defeription of the difpluvinted 

cavoedium. Whereas atriums were always placed near 

♦ 

the gate, as mentioned at the 8th chapter following. 
Atriums arc alfo deferibed, ns Perrault obferves, with 


ala on the right and left fides only, but cavsediums arc 
faid to be fometimes without columns, and confequently 
without al*; fometimes with columns, and alas of courfe, 
all around, and fometimes with columns only at the 
four angles ; nor arc any deferibed of a form that can 
be faid to have ala: on the two fides only. The alee of 
atriums arc deferibed to be no higher than they are 
broad; but the alee of cavjediums, by their continuation, 

muft have two, three, or four times their breadth in 

♦ 

height. Atriums had an aperture in the ceiling of an 
affjgned proportion to give light; but of cavasdiums, 
fome are deferibed to be entirely covered, and fome 
wholly uncovered, The forms of cavzediums that have 
columns will not agree with the proportions of atriums, 
as here given, as will be noticed hereafter, without ren¬ 
dering them incommodious and fcarccly pafiable. Laflly, 
Pliny in the defeription of his villa at Laurentinum men¬ 
tions its having both an atrium and cavrtdium* « Inprima 
“ parte atrium frugi, ncctamen fordidum, deinde porticus 

" in O litenc fimilitudinem circuma&te,.eft contra mc- 

“ dins cav tedium hilarewhich is a (trong evidence that 
thefe terms fignified different places. 

The rcafon that Vitruvius docs not (peak of the pro¬ 
portions of cava*diums may be becaufc they had no fixed 
proportion, being governed entirely by the difti ibution of 
the apartments of the houfe, and were longer or (hortcr, 
larger or fmaller, juft as thofe apartments required. 

Perrault has made a miftalce in his plan P. LIII. having 
placed the cavtedium near the entrance, and the atrium 
behind within the body of the houfe, which is dircftly 
contrary to the defeription. 








* 3 + 


( 


VITRUVIUS. 


/ 


under fide of the beams, is as much as their length, wanting a fourth part: the remainder is 
given to the lacuDaria and arcae above the beams. 

# 9 

/ f 

# 

The breadth of the alae on the right and left, if the length of the atrium be from thirty 
to forty feet, is made a third part thereof: if the length be from forty to fifty feet, it is 
divided into three parts and a half, of which one part is given to the alte ; if the length be 
from fifty to fixty feet, the alse have a fourth part of the length ; if from fixty to eighty, the 

length is divided into four parts and a half, of which one part makes the breadth of the alas; 

% 

if from eighty to a hundred feet, the fifth part of the length exactly conftitutes the breadth 
of the alas : their lintel beams ,are placed fo high that the heights may be equal to the 

3 * 

breadths. 


(2 1 *) What is to be underftood by the word reliquum 
is a little doubtful: by the fentence preceding it fccms 
moft naturally to point to the remainder of the length of 
the atrium when three fourths is deduced therefrom ; and 
yet one fourth of the length of the atrium feems to be 
too great an allowance for the lacunarise and areas, if by 
thofe words the entablature be underflood. 

The lacunaria very probably means the entablature, 
but the arcae, which in the foregoing chapter is mentioned 
in {peaking of the gutters, and generally fignifies fome 
kind of fence, may very likely allude to a pluta*um or 
fence (like our baluftrades or parapets) on the top of the 
cornice; on this fuppofition, one fourth of the length 
may be a very reconcileable proportion. 

Galiani fuppofes that as Vitruvius hereafter preferibes 
(as a general rule for all apartments) that their height 
fhould be equal to half the united fumof their length and 
breadth, the word reliquum alludes to the remainder of 
that proportional height when three fourths of the length 
of the atrium is deducted therefrom ; but then he has 
underftood the words lacumriorum & arc* to mean the 
parts between the tops of the columns, and the ceiling of 
the ala:: which idea the following note will contribute to 
difprove. 

(*'*) Vitruvius docs not explain whether the breadth 
allowed to the ultc is to be given to each, or divided be¬ 
tween both, nor whether the ala: were included or ex¬ 
cluded from the proportional meafure of the atrium 
before nfligned. Both which, as well as the fentence 
concerning the height of the lintel beams of the ala.*, 
have been differently underftood by the commentators. 
Barbara and Palladio have believed that the proportion 


allowed to the alas fhould be divided between both, and 
that the alas fhould be excluded from the beforementioned 
proportion of the atrium. Perrault and Galiani have 
agreed with them in the former, but differed in the latter 
point, underftanding that the ala are to be included in 
the proportional meafure of the atrium. Barbara indeed 
feems to have been in doubt concerning the former point, 
having made dotted lines to (hew that the whole meafure 
allowed might be given to the breadth of each ala:. 
Thefe points will be determined by the following queftion 
concerning the height of the lintel beams. 

c * Trabcs earum iiminares ita alte ponantur ut altitu- 
€t dines latitudinibus fint sequales.” " Their lintel beams 
“ are placed fo high, that the heights may be equal to the 
c< breadths. 0 Thefe words feem to allude to the height of 
the lintel beams of the alx, of whofe proportions Vitruvius 
is here treating, and the breadth here mentioned feems 
alfo to mean the breadth of the alas (making, according 
to his ufual method, the height and breadth equal); for in 
fpeaking of the atrium before, and of the tablinum after¬ 
wards, he gives their refpettive heights at the places where 
he treats of their other proportions; and thofe heights are 
proportioned to their own meafures, either of length or 
breadth : it therefore appears mod probable that Vitruvius 
follows the fame method in treating of the ahe, and that 
confcqucntly the heights and breadths here mentioned al¬ 
lude to the alas only : yet this has been otherwife under- 
flood. Barbara and Palladio undcrfland the height here 
mentioned to be that of the ala:, but conceive the breadth 
to mean that of the whole atrium t and to reconcile this 
with the height before allowed to the atrium, they imagine 
the one to mean the height to the under part of the beams 
or entablature, and the other to the upper part; although 
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it is clearly cxpreffed, that the under part is meant in both 
cafes. This is more extraordinary in them, who conceive 
the atrium to be the fame as the cavasdium, where the 
columns are exprefsly faid to be placed under the beams * 
plainly indicating that, by the beams, Vitruvius means 

thofe timbers which lie immediately over the heads of 

% 

the columns. 

Galiani agrees with Barbaro and Palladio in under¬ 
standing the breadth mentioned, to mean that of the 
whole atrium; but he fuppofes the height alfo to mean 
that of the atrium, and not, as they do, of the al® ; al- 

J 

though the height of the atrium has been before afccr- 
tainedt and to reconcile this with the height before al¬ 
lowed to the atrium, he underftands this latter to allude 
only to atriums of eighty feet long and upward, becaufe 
that is the length mentioned by Vitruvius immediately 
before he fpeaks of this latter height. But this is far from 
being fatisfa&ory ; it might with equal reafon be fup- 
pofed that where the height of the tablinum or atrium is 
mentioned, it alludes only to tablinunis or atriums of the 
dimenfions immediately preceding ; the words fo inter¬ 
preted occur in deferibing the ala?, they are trabes canon 
limit!ares, their lintel beams', thefe muft mean the lintel 
beams of the things in defeription (i. e. the ala?), and 
cannot mean thofe of the atrium, becaufe earum being 
plural lignifies the lintel beams of two or more things. 
There is the fame reafon alfo, for fuppofing the word lati- 
tudtnibus alludes to the breadth of the alze, for it Ihould 
have been in the fingular, if it had meant that of the 
atrium 5 and it would have been more like Vitruvius’s 
manner to have added the word atrii after it, as he does 
in deferibing the tabiinum, and farther on in fpeaking of 
the impluvium: Itnpluvii lumen latum latitudinis atrii . 
Indeed it would have been neceflary fo to have done, to 
fhew that he did not fpeak of the thing under defeription j 
and the omiflion of it is a ftrong implication that it does 
not mean the breadth of the atrium, or of any thing but 
the fubjeCt in defeription, viz. the ala?. 

If thefe arguments be admitted to be juft, then the 
other doubtful points will be hereby determined ; for if 
the height of the ala? be no more than equal to their own 
breadth, it will neceftarily follow, that the proportion 
alTigned muft be given to the breadth of each ala?, and 
muft not be divided between the two, for if it were, the 
height of the ala? in fmall atriums would be but five feet, 
which cannot be fuppofed. 

If then each ala has in breadth the proportion affigned, 
they muft be excluded from the proportional meafure 
before given to the atrium ; for Ihould they be included, 
they would occupy almoft the whole breadth of the 
atrium, and meet in the middle. Even upon the fup- 
pofition that the breadth afligncd were divided between 
the two aloe, they would occupy fo much of the atrium 



as to leave but a narrow fpace in the middle, and that di* 
reCUy under the lumen or opening in the roof; or if to 
make the (pace in the middle larger, the columns were 
placed within the fpace allowed to the ala;, thofe columns 
being proportioned according to their great height, would 
occupy fo much of the breadth of the alas as to leave 
but a very narrow and incommodious paflage between 
them and the wall; as may be found upon trial of a plan 
according to the proportions mentioned. In either cafe 
the columns would engrofs fo much as to render the apart¬ 
ment very unlike the idea authors give of the atrium* 
a fpacious hall where great numbers of people fometimes 
aflembled, and where the bufinefs ofjuftice and the ftate 
was oftentimes tranfaCVed. 

The example given by Galiani in his plate XXII. is 
not drawn according to the proportion's preferibed, parti¬ 
cularly in the heights. 

Barbaro alfo has not obferved the proportions ; as for 
Perrault’s examples, being in perfpeCtive, their propor¬ 
tions cannot eafily be judged of. 

It is certainly difficult to conceive any form for the 
atrium that will agree with the defeription, the impli¬ 
cation of the context, and the ftyle of the antique archi¬ 
tecture : if the height of the ala? be no more than equal 

to their own breadth, their height muft be much lefs 

% 

than that of the atrium, the latter being three fourths of 
the atrium's length, and the former'only a third, fourth, 
or fifth of the fame ; fo that if the ala? were feparated 
from the atrium by a-range of columns fupporting the 
beams of the atrium, the queftion arifes, how the part 
between the beams of the ala? and thofe of the atrium was 
finifhed ? It could not be left open to the air, becaufe 
the opening for air and light is deferibed to be in the 
ceiling of the atrium, and a double floor in the ala: is 
neither mentioned nor implied by the text; alfo how the 
beams of the ala:, on the fide next the atrium, were flip- 
ported, is not afeertained ; for there are no parafta: men- 
tioned, as in the Bafilica of Fano, deferibed in the fifth 
book: it cannot be fuppofed that their ends laid in the 
columns, for that would be contrary to the practice of 
the ancients; nor can the idea of having columns no 
higher than the beams of the alas fupporting a folid wall 
from thence to the top of the atrium be approved. 

From the foregoing arguments it feems that the atrium 
muft be of a very different form to that ufually rep re¬ 
ft* n ted ; the whole was probably one large apartment, 
undivided by columns, and the ala? entirely without it; 
but whether feparated therefrom by a wall, or open by 
columns or arches, or how connected with the atrium, we 
are left entirely uninformed. 


That columns were fometimes 11 fed in atriums, although 
we know not how or in what part they were difpofed, 
we may learn from the words of Pliny, book 36, chap. 2, 
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If the breadth of the atrium be twenty feet, deducting a third part, the remainder is given 

4 * & 

to the fpace of the tablinum: if from thirty to forty feet, half the' breadth of the atrium is 
allowed to the tablinum : if from forty to fixty, the breadth is divided into five parts, and 
two parrs are given to the tablinum ; for in fmaller atriums the lymmetry mu ft not be the 
jfame as in larger : ftiould the fymmetry of the greater be ufed in the lefler, neither the ta- 
blinum nor the alas could be convenient; and if that of the lefler were ufed in the greater, 
the members would be huge and enormous. Wherefore I have thought it proper to deferibe 

exactly their refpeeftive proportions, regarding both their utility and appearance- 

♦ 

% 

The height of the beams of the tablinum is an eighth part more than the breadth j to its 

5* 

lacunarbe, it is a third part of the breadth added to that height. The fauces, in lefler atriums, 
are a third part, in greater, a half leis than the breadth of the tablinum : the height that the 

images, with their ornaments, are to be placed, muft be according to the breadth of thealse. 

» 

Concerning the proportion of the breadth to the height of the portals, if Doric, they 


where, afrer faying 360 columns had been brought to 
Rome by M. Scaurus, the edile, for the feene of a tempo¬ 
rary theatre, he adds, « etiamne tacuerunt maximas earum, 
(C atque adeo duodequadragenum pedum Lucullei mar- 
<e moris, in atrio Scauri collocari ”— es the larged of them, 
te thirty-eight feet long, of Luculleian marble, were 
“ placed in the atrium of Scaurus and chap. 3d, after 
exprcfilng his opinion chat the fucceeding age will difap- 
proveof fuch luxury, he fays, “ quis enim tantarum hodie 
<c columnarum atrium habet ?”•— f ‘ for who at this day 
“ has an atrium with fuch columns?” Ac the id chap, 
of the 17th book, freaking of L. Craflfus, Pliny adds, 
“ column as quaiuor I-Iymetti marmoris, tedilitatis gratia 
“ ad feenam ornandum advedtus 1 , in atrio ejus domus da- 
“ tuerat, cum in publico nondurn efient ullas marmorete; 

<e tarn recens ell cpulentia ”— (t four columns of Hymet- 

1 

<c tian marble, which he brought when edile to adorn a 
“ fcenc, he fixed in the ntiium of his houfc, at a time 
" when marble ones had never before been ufed in public ; 
“ fo recent is luxury and at the 3d chapter of the 
36th book, he lays, “ ihcfc columns were each but twelve 
“ feet long.” '1 Ik fie quotation’., although they do not 
inform 11s how or in what manner columns were intro¬ 
duced in atriums, yet liiftjciemly prove, that it could 
not be in the manner hitherto generally fuppofed, i. e. 
arranged on each fide, and being as high as the beams 
of the atrium j for the fmallell atrium Vitruvius eleferibes 
is not fo low as Lwclve feet, and the larged is much 
higher than thirty-eight feet, which was the height of 



the greated columns that ever had. been ufed in any 
private atrium at Pliny’s time. Indeed the atriums of 
Scaurus and Crafius, we mult underdand, were built be¬ 
fore the columns were placed therein, fo that the columns 
could not be ufied to fupport the beams of the atriums on 
each fide the lumen, as generally reprefented. It is there¬ 
fore mod probable that the columns of atriums, when any 
were introduced, were difpofed varioufiy according as 
circumdances would admit or might require, or as the 
genius of the architect might fugged. I have accordingly 
made ufe of fuch liberty myfelf in the examples Fig. 
LVII. and LVIII. 

(4*) The tablinum is thought to have been a place 
appropriated for the prefervation of the family records. 
Pliny, 1 . 35. c. 2. fays, <r tablina codicibus implebantur & 
“ monumentis rcrum in magidratu geftarum.” We are 
not told whether it be the breadth or length of the ta¬ 
blinum which is here fpoken of; it is generally undcr- 
dood to be the breadth, and the following words, “ altitudo 
“ tablini ad trabem adjcdla latitudinis odlava conftitua- 
c< tur, &c.”—“ the height to the beams of the tablinum 
“ is an eighth part more than the breadth,” where the 
breadth only of the tablinum is referred to, tend to cor¬ 
roborate that opinion. 

( 5*0 The fauces arc fuppofed to be the aperture or 
door-way between the atrium ancl tablinum. See Fig. 
LVII. 
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are formed in the Doric mode, if Ionic, in the Ionic mode, as explained in the defcription 

6 * 

of portals in the fourth book. The breadth of the light of the impluvium is left not lefs than 
the fourth, nor more than the third part of the breadth of the atrium ; the length is fuch as 
the proportion of the atrium may occalion. 


The periftylium is, tranfverfely, a third part longer than it is inwardly: the columns 
are as high as the porticus is broad ; the intercolumns of the periflyle are not lefs than three, 

nor more than four times the thicknefs of the columns: but if the columns of the periftyle 

/ * 

ihall be in the Doric mode, modules muft be ufed, as mentioned in the defcription of the 
Doric mode at the fourth book, that by thofe modules the diftribution of the triglyphs may 
be properly adjufted. 




Of the Triclinium, (Ecus, Exedra, and Pinacotheca. 


W . ■* 

H ATEVER the breadth of a triclinium may be, twice fo much fliould be the length. 
The height of all rooms that are oblong Ihould be thus regulated : the meafures of the 
length and breadth are to be united, and the half of that fum, whatever it may be, is to be 


(6*) The impluvium, from thispafiagc, and from the 
words of Varro (quoted in the 3d note of chap. 3, of 
this book), we may conclude was the opening in the 
ceiling or roof of the atrium, through which the light was 
admitted. Nardini, page 136, and fome other authors, 
have fuppofed it was the court-yard itfeif. 

(7*) The periftylium was a large area furrounded by 
a columnade, as we learn from the 11 th chap, of the 5th 
book. Galiani adds, that the matter's apartments were 
difpofed around it j and he has in his plan fo difpofed 
them: but in the third chapter foregoing it is faid that 

3 


the tricliniums (which were the mafterVapartments) re¬ 
ceived their light from the cavaedium, and confequently . 
they muft fometimes at leaft have been difpofed around 
the cavtcdium. 

(i w ) The triclinium or triclinia (as at the 8th chap, 
following) was the dining room j the word is fometimes 
ufed for the dining tabic, and furrounding couches on 
which they lay to eat (fee chap. 6). The term is faid to 
have arifen from there being ufually three couches on the 
three fides of the tabic, the fourth fide being left for the 
attendance of the fervants. 
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given to the height. But when exedrre or oeci are fquare, once and half their breadth determines 
their height. The pinacothec* as well as the exedra Ihould be made of an ample magnitude ; 
the Corinthian cecus, the tetraftyle, and thofe which are called Egyptian, have, with regard 
to their length and breadth, the fame fymmetry as the triclinium above mentioned, but on 
account of the introduction of columns, they are built more fpacious. Between the Corin¬ 
thian and Egyptian there is this difference ; the Corinthian have columns placed either on 
the podium or on the floor, and above have an epiftylium and cornice, either of infide work 
(wood) or plafter; alfo above the cornice is a curved ceiling formed elliptically, but in the 
./Egyptian, upon the epiftylium of the columns, and from the epiftylium to the walls which 
are around, is laid an unfheltered floor which is boarded and paved, and furrounds the whole; 
then upon the epiftylium, and perpendicularly over the inferior columns, other columns, a 
fourth part lefs than the former, are difpofed, upon which is an epiftylium and cornice, en¬ 
riched with lacunarize ; and between thefe upper columns windows are placed, fo that they 
refemble baiilicas more than Corinthian tricliniums. 



(2*) The exedrae, from what Vitruvius fays of them in 
the nth chapter of the 5th book, feem to be rooms for 

t 

converfation or deputation, and were furrounded with 
feats; fome think they were apartments for ftudy, others, 
for fleeping in at noon, during the heat of fummer. In 
the 9th chapter of the 7th book they are mentioned as 
being open places like periftyliums, and perhaps in fome 
cafes were fo, having a range of columns on one fide, by 
which they were feparated from the area. 

The oeci are explained by Vitruvius in this and in the 
6th and 10th chapters following. 

(3*) Picture rooms. 

(4*) Barbaro believes that the Corinthian and tetraftyle 
occi were the fame, and Galiani thinks the tetraftyle and 
Egyptian were the fame. Vitruvius mentions them thus: 
ceci Corinthii vocantur, &c. Perrault fuppofes all the ceci 
to have been diftinCt apartments, which is alfo my opinion; 
for although the words above quoted will bear one inter¬ 
pretation as well as the other, yet we may draw fome argu¬ 


ments from the context, that may help to decide the 
queftion. • 

The tetraftyle ceci we may, from the import of the 
word, conclude had but four columns; but the Corin¬ 
thian as well as the Egyptian muft have had a range of 

% 

columns around ; for it is faid, the Egyptian were more 
like bafilicas than tricliniums; and that the difference 
between the Egyptian and Corinthian cccus confifted only 
in the former having a double order of columns, and the 
other but one fingle order. 

Vitruvius does not mention the difference between 
either of them and the tetraftyle, becaufe it may be fup- 
pofed he thought it not likely to be miftaken, the very 
name of it determining the conftruftion of it, fo far as to 
fignify it had but four columns. The tetraftyle and Corin¬ 
thian cavaediums are alfo diftinguifhed from each other by 
this difference in the third chapter foregoing. 

From the words, “ fed propter columnarum interpofi- 
tiones"-—“but on account of the introduction ofcolumns/' 
we may conclude that in common tricliniums columns were 
not introduced. 














* 


♦ _ \ 

Of the Greek CEcus. 


ERE are fome ceci not made in the Italian manner $ thefe the Greeks 

^ i 

call cyzfcenous. They are fituated toward the north, generally have a view of the garden, 
and have valved doors in the middle. They are of filch a length and breadth that two tri- 
clinia, with their furrounding appendages, may be placed oppofite to each other j they have 
alfo valved windows on the right and left, that the garden may be feen through the ipace 
of the windows ; their height is equal to once and a half their breadth. 


Fig. LVII. 
and LVUI . 


T 


In all thefe kinds of apartments fuch fymmetry is to be ufed as may render them con- 

# 

venient ; and if not obfcured by high walls, they may eafily be made light; but if they be 
incommoded by narrownefs, or other impediments, then ingenuity and judgment will be 
requiftte to make fuch deductions from, and additions to, the fymmetry, as will produce a 
pleafing effect, not diftinguifliable from that of the true fymmetry. 
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VII. 


Of the Afpects to which thefe Kinds of Buildings fhould be difpofed, to 

render them convenient and healthy. 

• * 

We muft now fpeak of the pofition of thefe kinds of buildings with regard to their ufe, 
and the proper points of the heavens to which they fhould be dircCled. The winter tri¬ 
clinium and bath fhould look to the winter weft, becaufe the afternoon light is there 


(i*) Triclinia is here ufed for the dining tables, &c. 
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ufeful 3 befides that the oppofite weftern fun ihining thereon produces heat, and makes that 
afpedt warm in the evening time. 


Bed-chambers and libraries ftiould look to the eaft, for in thefe the morning light is re- 

♦ 

qyired ; it is alfo proper, that the books in libraries may not decay, for in thofe that look to 
the fouth and weft, they will be damaged by the damps and worms, which the humid winds 
generate and nourifli, infufing a moift vapour that moulds and rots the books. 


The fpring and autumn triclinium ftiould look to the eaft; for the windows being then 

% 

turned from the force of the fun proceeding weft ward, render thofe places temperate at the 

• # 

time they are generally ufed. The fummer triclinium lhould look to the north, becaufe this 
afpedl is not, like the others, rendered hot at the fummer folftice ; for, being turned from 
the courfe of the fun, it remains always cool, and, when ufed, is falubrious and pleafant. To 
the fame afpeeft alfo ftiould be difpofed pinacothecse, as well as embroidering and painting 
rooms, that the colours ufed in the works, on account of the equability of the light, may 
remain unchanged. 



CHAPTER VIII. 

t 

Of the private and public Apartments of Houfes, and of their Conftruflion 

according to the different Ranks of People. 

4 

THESE buildings being difpofed to the proper afpetfs of the heavens, then the diftri- 

0 

bution of fuch places in private houfes as are appropriated to the ufe of the mafter of the 
lioufe, and thofe which are common for ftrangers, mu ft be alfo conildered: for into 
thofe that are thus appropriated, no one can enter unlcfs invited; fuch as the cubiculum, 
the triclinium, the bath, and others of fimilar ufe. The common are thofe which the 
people unafked may legally enter j fuch are the veftibulum, cavnedium, periftylium, and 


(1*) It was the cuftom of the antients to make their principal meal toward the decline of day, immediately before 


which they ufually bathed 
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thofe that may anfwer the fame purpofes: but to perfbns of the common rank, the magnifi¬ 
cent veftibulum, tablinum, or atriumj are tiot neceflary, becaufe fuch perlons pay their court 

1 * 

to thofe who are courted by others. 


* 1 1 

People who deal in the produce of the country muft have flails and fhops in their 

**■ 

veftibules, and cryptae, horre®, and apothecae, in their houfes, whicli fhoiild be conftrudted 

w 

in fuch a manner as may beft preferve their goods, rather than be elegant. The houfes of 

ft 

bankers and public officers fhould be more commodious and handfome, and made fecure 

1 

from robbers; thofe of advocates and the learned, elegant and fpacious, for the reception 
of company ; but thofe of the nobles, who bear the honours of magiftracy, and decide the 
affairs of the citizens, fhould have a princely veftibulum, lofty atrium, and ample periftylium, 
pjrr Lf/jl with groves andextenfive ambulatories, erefted in a majeftic ftyle ; befides libraries, 

and LV 1 JL pinacothecas, and bafilicas, decorated in a manner fimilar to the magnificence of 

% 

public buildings ; for in chefe places, both public affairs, and private caufes, are oftentimes 

I 

determined. Houfes therefore being thus adapted to the various degrees of people, according 

t ^ 

to the rules of decor, explained in the firft book, will not be liable to cenfure, and will be 
convenient and fuitable to all purpofes. Thefe rules alfo are applicable, not only to city 
houfes, but likewife to thofe of the country ; except that in thofe of the city the atrium is 

3* 

ufually near the gate, whereas in the country pfeudo-urbana, the periftylium is the firft, and 
then the atrium 5 having a paved porticus around, looking to the paleftra and ambulatories. 


I have, as well as I have been able, briefly written the rules relative to city houfes, as I 
propofed. I fhall now treat of thofe in the country, how they may be made convenient, and 
in what manner they fhould be dilpofed. 


(1*) “ Quod hi aliis officia prseftant ambiundo qus ab 
** aliis ambiuntur.” 

0 

This paffage is allowed to be unintelligibly worded ; I 
have given what Teems to me to be the fenfe of it. 


(2*) I have here written the Latin names, becaufe they 
are ufed in various fenfes, and are differently rendered by 
the moderns; cryptae very likely here fignifics vaults; 


horrezc,repofitories for grain, or wine, &c.; and apotheca?, 
ftore-rooms for various purpofes. 


(3*) See the explanation of pfeudo-urbana at note 14, 
chap. 2, book 1, where it is called urbana only, pfeudo 
•(falfe) being here added, becaufe the part of the villa that 
was fo called was an imitation of a city houfe, alluded to 
by the word urbana ; and for that reafon it was fometimes 
called pfeudo-urbana. See Fig. LJ>C. 
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Country Houfes, with the Defcript 



N the firft place the country fhould be examined with regard to its falubrity, as written 

« 

Fig LIX * a *k e fidt book concerning the founding of a city; for in like manner villas are 

to be eftabliflied. Their magnitude muft be according to the quantity of land and 
Fig. LX. its produce. The courts and their fize muft be determined by the number of 
cattle and yokes of oxen to be there employed. In the warmeft part of the court the kitchen 
is to be fituated, and adjoining thereto the ox-houfe, with the flails turned toward the fire 
and the eaftern iky; for the cattle feeing the light and fire, are thereby rendered fmooth- 
coated: even hufbandmen, although ignorant of the nature of afpe&s, think that cattle 
fhould look to no other part of the heavens than to that where the fun riies. The breadth 
of the ox-houfe fhould not be lcfs than ten feet, nor more than fifteen j the length fliould be 
fo much as to allow no lefs than feventeen feet to each yoke. 


t 

The bath alfo is to be adjoined to the kitchen, for thus the place of bathing will not be 

far from thofe of the hufbandry occupations. The prefs-room fliould be near the kitchen, 

% 

that it might be convenient for the olive bufinefs 3 and adjoining thereto the wine-cellar, 

0 

having windows to the north; for, fhould they be toward any part which may be heated by 
the fun, the wine in that cellar would be difturbcd by tlie heat, and become vapid. The oil- 
room is to be fo fituated as to have its light from the fouthern and hot afpedts ; for oil ought 
not to be congealed, but be attenuated by a gentle heat. The dimcnfions of thefe rooms are 
to be regulated by the quantity of fruit, and the number of the veflels; which, if they be cul- 
leariae, fliould in the middle occupy four feet. Alfo, if the prefs be not worked by ferews, 
but by levers, the prefs-room fliould not be lefs than forty feet long, that the prefiers may 
have fuflicient fpace: the breadth fhould not be lefs than fixteen feet, by which means there 
will be free room to turn, and to difpatch the work : but if there are two prefles in the place, 
it ought to be twenty-four feet broad. The flieep and goat houfes are made fo large, that 
not lefs than four feet and a half, nor more than fix feet, may be allowed to each animal. 



(1*) A vcflcl containing 108 gallons, or, according to fomr, 143 gallons and 3 pints. 


4 
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The granary fliould be elevated from the ground, and look, to the north or eaft, for thus 
the grain will not fo loon be heated, but, being cooled by the air, will endure the longer : the 
other alpetts generate worms and fuch vermin as uliially deftroy the grain. 

a 

The liable, above all in the villa, fliould be built in the warmeft place, and not look 
toward the fire, for if thefe cattle be flailed near the lire, they become rough-coated ; nor 
are thole flails unufeful which are placed out of the kitchen, in the open air, toward the 

eaft; for in the winter time, when the weather is ferene, the beafts, being led thither in the 

* 

morning, may be cleaned while they are taking their food. 

♦ 

# # 

The barn, hay-room, meal-room, and mill, are placed without the villa, that it may be 
more lecure from the danger of lire. 

If the villa is to be built more elegantly, it muft be conftrudred according to the fymmetry 

m 

of city houfes, before defcribed ; but fo as not to impede its ufe as a villa. 


Great care ought to be taken, that all buildings have fufficient light, which in villas is 
ealily obtained ; becaufe there are no walls near to obftruft it. But in the city, either the 

ilk 

height of the party-walls, or the narrownefs of the ftreets, may occalion oblcurity. It may 
however be thus tried; on the fide where the light is to be received, let a line be extended 
from the top of the wall that feems to caufe the oblcurity, to that place to which the light is 
required ; aitd if, when looking upward along that line, an ample fpace of the clear Iky may 
befeen, the light to that place will not be obftrufted; but if beams, lintels, or floors, interfere, 
the upper parts muft be opened, and thus the light be admitted. The upper rooms are thus 
to be managed : on whatfoever part of the heavens the profpeft may lie, on that fide the places 
of the windows are to be left, for thus the edifice will be beft enlightened. As in tricliniums 
and fuch apartments, the light is highly necefiary, fo alfo is it in paflages, afcents, and flair- 
cafes, vyhere people carrying burthens frequently meet each other. 



(2*) This fentencc fuggcfts an idea that the term culina 
did not always, and does not here, fignify that particular 
apartment which we call the kitchen, for it is not probable 
that flails for cattle fliould ever have been placed within 
fuch an apartment: it feems likely that it fignifics the 
form-yard or court, and alfo the whole pile of buildings 
relative to the farm, that may have been difpofed around 
it: fuch a court is mentioned by the writers on the rt 
ruftica, and called cbors culina, 

\ 

I 


(3*) Commumum farictum, Tacitus (Ann. 1 . 15)^ 
fpeaking of the regulations made after the conflagration 
in Nero’s reign, ufes thefe words to exprefs party walls. 
Pliny (35. 14) alfo does (1 think) the lame; the inter- 
gereni, he mentions afterward, being in my opinion the 
partition walls within the houfc, feparating the different 
apartments, not thofc feparating houle from houfe. Vi¬ 
truvius has before (at book 2, chap. 8), ufed the fame 
words. See note 7, book i, chap. i. 
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I have explained as well as I have been able the diftributions of our buildings, that they 
may not be unknown to thofe who build ; I {hall now alfo briefly explain the diflributioa 
of houfes, according to the cuftom of the Greeks, that they alio may not be unknown. 


CHAPTE R X. 

Of the Difpofition of the Houfes of the Greeks. 

TT 

F/g. LXL JL HE Greeks ufe no atrium, nor do they build in our manner ; but from the 
gate of entrance they make a paflage (A) of no great breadth: on one flde of which is the 
flable ( 5 ), on the other, the porters rooms ( C) y and thefe are directly terminated by the 
inner gates. This place between the two gates is called by the Greeks thyroreion . After 
that, in entering, is the periftylium (Z)), which periftylium has porticos (r, 2, 3) on three 

fldes. On that fide which looks to the fouth are two ante (£), at an ample diftance from 

% 

each other, fupporting beams, and fo much as is equal to the diftance between the ante, 

% 

wanting a third part, is given to the {pace inwardly; this place (F) is called by fom tprojlas^ 
by others parajias. From this place more inwardly the great oeci ( G) are fituated, in which 
the miftrefs of the family with the work-women refide. On the right and left of the proftas 
are cubiculae (H), of which one is called thalamus , and the other amphithalamus ; and in the 
furrounding porticos, the common tricliniums, cubiculams, and family rooms ( 7 ) are eredted. 
This part of the edifice is called ginteconitis . 

Adjoining to this is a larger houfe, having a more ample periftylium (AT), in which are 
four porticos (4, 5, 6, 7) of equal height, or fometimes the one (7), which looks towards the 
louth, has higher columns : and this periftylium, which has one portico higher than the reft, 


(i 0 ) In this defcription, Vitruvius has only treated of 
the apartments and conveniences of the hufbandry part of 
villas, and not of the matter's dwelling, called the villa 
urbana, or pfeudo-urbana, as he exprefles it in the fore¬ 
going chapter; and which he fays is .to be governed by 
the fame rules as he has delivered for city houfes, with 
the exceptions there mentioned. The defcription he 
gives, however, is not fo definite as to authorife any one 
paiticular difpofition, and no other; he only mentions 


the general afpcfls and connexions of the feveral apart¬ 
ments : every different villa may have differed in its 
particular diftribution according as the fituation, nature 
of the ground, or other circumftances, might render 
proper or ncceffary ; and the defign, Fig, LIX. and LX. 
is only offered as one mode of dittribution, conforming 
to the defcription of Vitruvius and other antient authors 
as nearly as has occurred to me. 
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is termed Rhodian . In thefe houfes they haVe elegant veftibulums, tnagnificent gates, and 
the porticos of the periftyliums are ornamented with ftucco* plaifter and lacunarise, of infide 

work (wood). In the porticos which look to the north are the Cyzicene triclinium (jL), and 

# 4 

♦ 

pinacothecze (M ); to the eaft are the libraries (TV*), to the weft, the exedrae (0), and in thofe 

r ' ' 

looking to the fbuth are the fquare oeci (P), fo large, that they may eafily contain four fets of 

dining couches, with the attendants, and a Ipacious place for the ufe of the games. In thefe 

ceci are made the men’s dining couches, for it is not their cuftom for the mothers of families 

«* 

to lie down to dine. This periftylium and part of the houfe is called andronitides , becaufe 

w 

here the men only are invited, without being accompanied by the women. 


On the right and left alfo, fmall houfes (are eredted, having proper gates, triclinize, 

# 

and convenient cubiculas ( R) y that when ftrangers arrive, they may not enter the periftylium, 
but be received in this holpitalium : for when the Greeks were more refined and opulent, 
they prepared triclinia, cubiculas, and provifions, for ftrangers ; the firft day inviting them to 
dinner, afterwards fending them poultry, eggs, herbs, fruits, and other productions of the 
country. Hence the pictures reprefenting the fending of gifts to ftrangers are by the 

1 

painters called xenia. Mafters of families, therefore, while they abode in the hofpitium, 
feemed not to be from home, having the full liberty of retirement in thefe hofpitaliums. 
Between the periftylium and holpitalium are palfages (*S), which are called 7 nefaulce , becaufe 
they are fituated between two aulas : thefe are by us called andronas ; but it is remarkable 
that the Greeks and Latins do not in this agree ; for the Greeks give the name of andronas to 
the cecus where the men ufually dine, and which the women do not enter. 

It is the fame alfo with fbme other words, as xyjlus , prothyrum , telamones , and others, for 
xyjlos is the Greek appellation of thofe broad porticos, in which the athlete exercife in 
winter time ; whereas, we call the uncovered ambulatories xyjlos \ and which the Greeks call 
peridromidas . The ve/libula , which are before the gates, are by the Greeks called prothyra \ 
whereas, we call prothyra that which the Greeks call diathyra . The ftatues of men bearing 

f 

mutules or cornices we call telamones , for what reafon is not to be found in hiftory ; but the 
Greeks call them Atlantas \ Atlas being in hiftory reprefented as fupporting the world; for he 
was the firft who, by hi^ingenuity and diligence, difeovered and taught mankind the courfe of 
the fun and moon, the riling and fetting of all the planets, and the revolutions of the heavens ; 


(1*) The ancients had mufic and other entertainments 
performed before them while at their meals. This cuftom 
is indicated in fcvcral ancient baflb-rclicvos, and there are 
fome in which a woman appearsfitting while the man is lying 


on the dining couch : of the latter kind, one was feen by 
Mr. Stuart, over the door of a church at Athens, a coj y 
of wlfch 1 have feen among his (ketches. 
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for which benefit the painters and ftatuaries reprefented him bearing the whole earth,, and 

the Atlantides his children, which we call Vergilias, and the Greeks Pleiades , are placed 

* 

among the ftars in the heavens. I have not, however, mentioned this in order to change 
the cuftomary names or manner of difeourfing, but only to explain them, .that thefe things 
might not be unknown to the lovers of knowledge. 


I have now deferibed the cuftomary formation of houfes according to the Italian and Greek 

manners, with their refpe&ive fymmetry and proportions; as therefore I have before written 

of beauty and decor, I {hall here treat of the (lability of edifices, and how they may be made 

> 

"to endure for a long time without decay. 



CHAPTER XI. 

% 

% 

Of the Stability of Edifices and of their Foundations# 

If edifices, which are built level with the ground, have their foundations conftrudted in the 

manner we have explained in the foregoing books that treat of walls and theatres, they will 

without doubt endure to a great age; but if vaults and arches are to be made, the foundations 

Ihould be thicker than the walls of the fuperftrudlure; and the walls, piers, and columns, 

fhould be difpofed perpendicularly over the middle of thofe below them, that they may (land 

firmly ; for if walls or columns overhang, they cannot long remain firm. Lintels (liminae) 

between piers and antse, will not be damaged if pofts be fet under them, for lintels and beams, 

when overloaded in the middle, occafion fra&ures in the building ; but when pofts are placed 

under them, and wedged, the beams cannot fettle or be damaged. It likewife may be fo 

»#■ 

ordered that the weight of the walls may be difeharged by arches of wedges correfponding to 
their centers ; for if over the beams or heads of the lintels arches be turned, firftly, the 
weight being removed, the timbers will not bend, and then if they lhould be decayed by 
age, they may, without the trouble of propping, be eafily changed. 


(i f ) The floncs forming an arch are cut in the form of a wedge, whence Vitruvius fo calls them, and I have chofcn 
ro it tain his manner of fp caking. 
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In edifices which are built with piers and arches of wedges with the joints tending to 
their centers, the extreme piers are to be made of a greater breadth, that they may refill the 
force when the wedges, prefled by the weight of the walls, and impelling toward the center* 
thruft againlt the abutments; for in that cafe, if the angular piers be of a greater breadth, 
they will, by confining the wedges, give firmnefs to the work : as great attention Is to be 
given to this article, fo likewife is it to be obferved, that all walls ftand perpendicularly, afid 
in no part overhang. 


But the greateft care ought to be taken in the foundation, becaufe it is often greatly da¬ 
maged by the (internal) mafs of earth ; for this is not always of the weight it is in fummer. 
In winter time, by imbibing the rain-water it will be greatly increafed both in weight and 
fize ; and will rupture and extrude the inclofing walls. To prevent this effedt, therefore, 

it mull be thus ordered ; fir ft, the thicknefs of the wall is to be proportioned 
Fig. LXU'• ' . . 

to the magnitude of the mafs, and then anterides or erifmas (A) are to be erected 

in the front fo far apart as is equal to the height of the foundation. Their thicknefs 

is to be the fame as that of the foundation wall; and their proje&ion at bottom is al/o to 

be equal to the thicknefs of the fame wall; from thence diminiftxing gradually, till at the 

3 * 

top they may be as prominent as the thicknefs of the work ; moreover, adjoining to the 
infide of the wall, toward the mafs of ground, teeth ( BB) formed like thofe of a faw, are to 



(2*) Buttrefies or counterforts. 

(3*) BothPerrault and Galiani have in this place de¬ 
viated from the text, the latter without taking any notice 
of fuch deviation. 

They fay, that the anterides or erifma* fiiould at bot¬ 
tom project from the wall as much as the height of the 
wall, whereas the text clearly exprefTes, “ quam craflitudo 
tf conftituta fuerit fubftru&ionis” — “ as much as the 
• c thicknefs of the wall." Their reafon for this feems to 
be, that as Vitruvius adds, “ deinde contrahcntcs gra- 
“ datim ita uti fummam habeant prominentiam quanta 
“ operis eft craflitudo ”— u from thence diminifhing gra- 
** dually, till at the top they are as prominent as the 
“ thicknefs of the* work,” and underftanding by this, that 
the projection of the crifmae at the top is alfo to be equal 
to the thicknefs of the wall, and to increnfc gradually as 
they approach toward the bottom, they conclude that 
the text was erroneous in one or other of thofe paflages, 
accordingly they have fixed on the former, and altered it 
n9 above mentioned ; although it is clearly and deter- 
minutely exprefled, leaving the latter paflage (which is 
indeed vague and doubtful) unaltered : for this latter 


paflage may be underftood to fignify, that the anterides 
fiiould project at the top of the foundation no more than is 
fufficient.to receive the thicknefs of the work of the fuper- 
ftruCture with its projecting pilafters, See. as fhewn in Fig* 
LXII. by the profile of the anterides F. G. In this fenfe 
Barbaro has underftood it; and that this is the true fenfe, 
the determinate manner in which the quantity of the pro¬ 
jection at bottom and the diminution from thence up¬ 
ward is exprefied, and in which ail the copies ag;ee, 
renders it highly probable. 

Pcrrault remarks, that as Vitruvius afligns thediftance 
of the anterides to be equal to the height of the wall, 
the anterides will confequently be fewer as the wall is 
higher, which ought to be dircCtly the contrary, and 
fiiould be more numerous and clofer in proportion as the 
wall is higher, as being in that cafe weaker and wanting 
more fupport ; he therefore fuppofes we fliould read 
crnjfitudo inftead of ahiiudo , and that the diftanccs fiiould 
be equal to the thicknefs of the wall : but this is taking 
it for granted that the wall, whether high or low, h to 
be always of the fame thicknefs j whereas it is always 
tindeiftood that walls arc to be made thicker in proportion 
as they arc higher, and, as Vitruvius before fays, in pro* 

H 
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be built, each tooth projecting fofar from the wall as is equal to the height of the foundation; 
the thicknefs of the walls of the teeth being equal to that of the foundation wall. At the 
extreme angle ( C) an extent (CD) equal to the height of the foundation, is marked off on 
both iides ; from the interior angle, and from thofe marks, a diagonal wall ( DD ) is built; 
from the middle (£) of which, another wall (EC) is adjoined to the angle of the wall. Thus 
the teeth and diagonal walls will not fuffer the weight of the earth to prefs againft the 

(foundation) wall, but will divide and reftrain the preffure of the mafs. 

N # 

\ 

I have thus explained how works may be executed without defeat, and the cautions to be 
ufed in the beginning; for with regard to the tiles, joifts, or aflers, the fame care is not 

* 

i 

required, becaufe thefe, when defe&ive, are eafily changed. I have alfo explained the means 
by which thofe things that are adjudged to be not folid may be made firm. 

9 

What kind of materials fhould be ufed is not in the power of the architect to determine, 
becaufe all kinds of materials are not produced in all places, as is obferved in the annexed 
books; befides it is at the option of the proprietor whether he will build with brick, or 
rubble, or hewn Hones. All buildings may be confidered in a threefold view ; that is, the 
excellence of the workmanfhip; their magnificence ; and the defign (difpofitio): when a work 
is completed with all poflible magnificence, the coftlinefs is admired ; when it is well exe¬ 
cuted, the fkill of the workmen is approved: but when the beauty refulting from the pro¬ 
portions and fymmetry fhall be commended, it will be to the glory of the Architect; and 
this is mod likely to happen when he patiently hears advice from the workmen, and even from 
the ignorant ; for all men, and not only architects, may difcover what is right (in a building). 
But between them and the ignorant there is this difference; the ignorant know not how it 
will appear till they fee it done ; whereas Architects, as fbon as it is formed in their minds, 

0 

and before it is begun, have a conception of its beauty, convenience, and decor. 

I have now written as clearly as I am able what I have thought neceffary concerning pri¬ 
vate buildings, and how they fhould be built: concerning their finifhing, fo that it may be 
elegant, and endure without defeCt for a long time, I fhall treat in the following book. 


the teeth and diagonal wall D, at the angles, is excluded 
or included, in the projeftion he afligns them, from the 
main wall. I have determined for the former, as other- 
wife thofe diagonal walls would not bear againfl: the ante- 
rides, which, as being the ftrongdt part of the wall, they 
ought to do. 


portion to the greatnefs of the mafs of ground they cnclofc. 
Confidering it in this light therefore, the height and 
thicknefs of the walls and the diftance of the anterides 
will be in the fame proportion to each other in all cafes, 
and of courfe be proportionally firm and (Irong. 

Vitruvius leaves it uncertain whether the thicknefs of 


END OF THE SIXTH HOOIC. 
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The ancients wifely and ufefully by means of their writings delivered their knowledge 
to pofterity, fb that not being loft, but increafing by the volumes publifhed in every age, the 
utmoft poflible degree of fcience might in time be attained. Not fmall therefore, but great 
thanks to them are due, fince they have not with invidious filence fupprefled, but with care 
tranfmitted to us by their writings the memory of all kinds of knowledge : had they not done 
thus, we Ihould not know the exploits that happened at Troy; what Thales, Democritus, 
Anaxagoras, Xenophanes, and other philofophers, have thought of the nature of things; 
what Socrates, Plato, Ariftoteles, Zeno, Epicurus, and others, have determined concerning 
the duties of human life; or the actions of Crcefus, Alexander, Darius, and other kings; 
nor could the means by which they were done be known, unlefs the ancients had by their 
precepts and commentaries preferved the memory of them to poftcrity. As to thefe there¬ 
fore our thanks are to be given, fo on the contrary thole who, ftcaling from their writings, 


publilh them for their own, are to be ccnfurcd ; and thole alfo who take not the evident 

meaning of authors, but invidioully glory in perverting it, not only deferve reproof, but as 

living with ill intentions, ought to be condemned to punifhment. It is reported that fuch 

tilings were Ihidly avenged by the antients, fomc examples of which, as they arc tranfmitted 

to us, it will not be foreign to the purpofo to recite. 
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The Attalic kings, ftimulated by their great love for philofophy, founded, for the benefit 

' * , 

of the community, the excellent library of Pergamus. Ptolemy alfo at that time, incited 
by a great defire and zeal for literature, with no lefs affiduity endeavoured in the fame man¬ 
ner to eftablifh that of Alexandria. But when by the utmoft exertions he had completed it, 
he thought it not fufficient unlefs he could, like the propagation of feed, caufe it to increafe. 
For this purpofe he inftituted games, dedicated to Apollo and the Mufes, and appointed re¬ 
wards and honours to the victorious in literature, in the fame manner as in the games of the 

athletae. This fettled, when the time of the games approached, men of learning were ap- 

% 

% 

pointed to be judges; the king had, from the city, already feleCted fix, and not readily finding 
a feventh who was qualified, he applied to thole who fuperintended the library: enquiring 
if they knew of one who was proper, they replied, there was one Ariftophanes, who with 
great attention and affiduity came every day to read the books according to their order. 
At the convention of the games, therefore, when the feats of the judges were fet apart, 
Ariftophanes was fummoned with the reft, and feated in the place defigned for him. 

i 

% 

The firft brought to the conteft were the poets ; when thefe had recited their verfes, the 
people unanimoufly fignified to the judges which they Ihould prefer: when therefore the 
opinion of each was alked, fix of them adjudged the firft premium to him whom they ob- 
ferved had mod pleafed the multitude, and the following accordingly ; but when the opinion 

9 

of Ariftophanes was demanded, he adjudged the firft prize to him who had leaft pleafed 
the people; this exciting the indignation of the king, and the whole aflembly, he arofo, 
and requefted leave to fpeak. Silence being made, he informed them, that this one was 
the only poet, the reft had recited the verfes of others; and it behoved the judges not to 
approve robbers, but authors. While the people were wondering, and the king doubting, 
he, trufting to his memory, quoted many books from fundry repofitories, and comparing 
them with what had been recited, forced a confeflion from the plagiarifts themfelves: upon 
which the king ordered them to be proceeded againft as robbers, and being condemned to 
ignominy, difmifled ; but he liberally rewarded Ariftophanes, and appointed him the fuper- 
intendant of the library. 


Some years afterward Zoilus from Macedonia, who aflumed the furnamc of Homero- 
anaftix (Horner’s fcourge) came to Alexandria, and repeated before the king his writings 
againft the Iliad and the Odyfley. When Ptolemy perceived that the father of poets, and of 
philofophy, and whole works arc admired by all nations, was, though abfent, reviled and 
ccnfured, filled with anger he gave him no anfwcr: Zoilus therefore, after waiting a long 
time in that kingdom, prefled by want, fupplicatcd the king for fomc gratuity ; but it 
is faid, the king replied, Homer, who has been dead more than a thoufand yours, has in 
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every age fince provided for many thou lands of men ; he then who pretends to greater 
abilities ought to be able to provide not only for himfelf, but al Co for many more. In fine, 
his death, he being condemned as a parricide, is varioully related; fome write that he was 
crucified by Philadelphus; fome, that he was ftoned; and others, that he was burnt alive at 
Smyrna : but whichever happened, he well deferved the punilhment, for no otherwife does 
he merit, who cenfures thofe who cannot anfwer concerning the fenfe of what they have 
written. 

I therefore, O Caefar, in this publication, have neither changed the titles of the books of 

A 

others and prefixed my own name, nor have I, by cenfuring the opinion of others, endea¬ 
voured to applaud myfelf; but pay infinite honour to all authors who, with judgment and 
ingenuity, have provided for us an abundance of various kinds of knowledge ; by which 
means, like drawing water from iprings, and conducing it to the intended places, vve are 
enabled to write on fubjetfis more copioufly and expeditioufly, and, fupported by fuch au¬ 
thorities, we may even be enabled to produce new works. I having fuch affi fiance, from 
thofe by whom the principles of my fubjedt have been prepared, have endeavoured to ad¬ 
vance farther. 


Agathareus of Athens, at the time jSEfchyliis taught there, was the firft who made the 
tragic feene, and left a differtation thereon; from this example, Democritus and Anaxa¬ 
goras wrote on the fame fubjedt, teaching how to project the rays from the point of fight, 
fixed at a certain place as the centre, to which the lines naturally tend: thus by uncertain 
things reprefenting the certain appearances of buildings on the face of the fcene; and, though 
deferibed on a diredt plane* fome appear to recede, and fome to projedt. Afterward Silenus 
published a volume on the Doric fymmetry ; Theodorus wrote of the Doric temple of Juno 

, 3*t 

at Samos; Ctefphon and Metagenas of the Ionic temple of Diana at Ephefus; Phileos of the 
Ionic temple of Minerva at Priene; Jetinus and Carpion of the Doric temple of Minerva in 
the citadel of Athens ; Theodorus Phocaeus of the dome at Delphos ; Philo of the fymme¬ 
try of fiicred edifices, and of the arfenal at the port of Pyraeus; Hermogenes of the Ionic 
pfeudo-dipteral temple of Diana at Magnefia, and of the monopteral temple of Bacchus 


(V’) In the firft chapter of the firfl: book the architect 
of the temple of Minerva at Priene is called Pythius, 
wherefore Galinni fuppofes one or the other to be a 
inifhke of the copyifts: but it is to be obfervetl, that 
Phileos is not here mentioned as the architect, but only 
as the author of a treadle upon that temple; and if it 
Ihotild be admitted that he was alfo the architect, it may 


have been upon the rebuilding of that temple, which 
was about the time of Alexander, as the infeription 
publiflied in the Ionian Antiquities, page 15, renders pro¬ 
bable, the firft temple (to which Pythius may have been 
the arehiteft) having been defiroyed by Xerxes, among 
the rdl of the Ionian temples. 
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at Teos } Argelius of the Corinthian fymmetry, and of the Ionic temple of Efculapius at 
Tralles, on which it is faid he worked with his own hands ; Satyrus and Phyteus of the 
maxifoleum, in which they have been exceedingly fortunate, fince thofe whofe fkill has been 
admired in all ages, and gained immortal honour, have contributed their excellent works ; 
for in the feveral fronts particular parts were undertaken to be wrought and ornamented by 
particular artifts, as Leochares, Bryaxes, Scopax, Praxiteles, and alfo, as fome think, Timo- 
theus, and their great excellence in their arts has caufed this work to be accounted one of 
the feven wonders of the world. 

Many lefs famous have alfo written precepts upon lymmetry, as Nexaris, Theocydes, 

Demophilos, Pollis, Leonides, Silanion, Melampus, Samacus and Euphranor; nor have there 

** 

been fewer writers upon mechanics, as Diades, Architas, Archimedes, Ctefibios, Nymphodorus, 
Philo Byzantasus, Diphilos, Democles, Charidas, Polyidos, Phyros, and Agefiftratos : from 
whofe writings I have collected in one body what I thought to be molt ufeful, and that the 
rather, as I have obferved many volumes have been publifhed on thefe fubje&s by the Greeks, 
but very few by us; for it is wonderful that Fuflitius was the firft among us who publifhed 
a book thereon, Terentius Varro alfo, in his treaties concerning new fciences, wrote one 
on Archite&ure, and Publius Septimius two ; fince which, to this time, no one has written 

on the fubje&, although there muft have been fbme great architects among the antient citizens, 

# 

who were able to have written judicioufly, fince after the architects Antiftates, Callefchros, 
Antimachides, and Porinos, had raifed the foundation of the temple of Jupiter Olympius, which 
Pififtratus commanded to be built at Athens, and which at his death had been relinquifhed 
on account of the troubles of the republic for about two hundred years, when king Antiochus 
undertook to be at the expence of the work—Coffutius, a Roman citizen, was then appointed 
to be the architect; and he, with great judgment and fcience, determined the dimenfions of the 
cell, the dipteral difpofition of the columns around, and difpofed the epiftylium and other 
ornaments according to the rules of fymmetry ; and this is no common work, but is equalled 
by few in magnificence, for but in four places are there temples, enriched with marble work, 
from which the names of thofe places derive great celebrity, and of which the excellent and 
judicious contrivance is admired in the aflembly of the gods. 



(2*) Diades is again mentioned at the 19th chapter of 

9 

the 10th book. In all the printed editions that I have 
fecn, excepting that of Perraulr, it is, in this place, written 
cliadcs; but in every manufeript that 1 have examined 
I have found it written diades: the difference is fuppofed 
to have arifen from the copyifts taking d for cl, or the 
contra 17. ;( 


(3*) Democles is omitted in the generality of the 
printed editions; Galiani fays in all except that of 
Jocundus; but the old French edition by Jean Martin 
alfo has it, and I have fecn no manufeript without it; 
wherefore 1 have inferred it, as Galiani alfo has in his 
edition of the text. 
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The firft of thefe is the Ionic temple of Diana of Ephefus, begun by Ctefiphonte the 
Gnofion, and his fbn Metagenes, and which afterward Demetrius the prieft of the fame Diana, 
and Peonius the Ephefian, were appointed to complete. Next, the Ionic temple of Apollo 
at Miletus, which the fame Peonius and Daphnis the Milefian conftru&ed. Then, the temple 
of Ceres and Proferpine at Eleufis, in the Doric manner, by Jetinus : the cell of this was 
of a vaft magnitude, and had at firft no exterior columns, to adapt it the better for the per¬ 
formance of the facrifices ; but afterward, when Demetrius Phalereus governed at Athens, 
Philon eredled columns in the front, thereby making it a proftyle temple; the veftibulum 
being by this means enlarged, allowed more room to the facrificers, and added dignity to the 
edifice. Laftly, the temple of Jupiter Olympius at Athens, of ample dimenfions, and of the 

M 

Corinthian fymmetry and proportions, as before mentioned, the architect of which is faid to 
have been CofTutius, of whole writings none are to be found : nor from Co/Tutius only are 
fuch writings wanting, but alfo from Caius Mutius, by whole great fkill the cells of the Marian 
temples of Honour and Virtue, and the fymmetry of the columns and epiftylium, dcfigned 
according to the juft rules of art, were completed. Had this work been built of marble, fo 
that it might derive as much grandeur from its coftlinefs and magnificence as it does cf 

5* 

excellence from art, it might be named with the firft and moft excellent works. 


It appears then that there were formerly fome great architects of our own nation, as well 
as that of the Greeks, and feveral even in our memory ; yet as they have publilhed but few 
precepts, I thought it not proper alfb to remain filent, but to explain the different parts of 
the art in different books: as therefore I have in the fixth book written of the rules that 


regard the building of private houfes; in this, which is the feventh, I {hall treat of their 
finilhing, and the means by which they may be made beautiful and fubftantial. 


(4*) This temple, with thofe of Minerva at Priene, 
and Bacchus at Teos, mentioned in the former part of 
this proem, are the three temples, the remains of which 
have been publilhed in the Ionian Antiquities, under the 
aufpices of the fociety of Dilletanti ; by whofe zeal for 
the improvement of the fine arts, and at whofe expence, 
thefe valuable antiquities have been collected. 

(5*) Livy, b. 37. fays, two leparate temples of Honour 
and Virtue were built by Marcellus, the priefts not per¬ 
mitting one temple to two divinities. Vitruvius has be¬ 
fore mentioned them at b. 3. ch. 1. where, as here, he 


adjoins the word Mariana, Perrault has from this word 
fuppofed the temples to have been built by Marius, but 
this fuppofition has no authority. 

Galiani underftands them to have been fituated at or 
near the trophies of Marius, yet thefe trophies are fup¬ 
pofed to have been in the 5th region of Rome, by the 
Efquiline hill, and the temples were on the Aventine hill 
near the gate Capena. See Nardini, page 163. So that 
there muft have been fome other reafon for ufing the word 
Mariana that has not come to our knowledge. 

Pliny, 310. fays, thefe temples were rebuilt by Vcf- 
pafian. 
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CH APTER I. 

N 

Of Pavements. 

W ' . 

E will fir ft begin with pavements ; which hold the chief place in the finifhing. The 
utmoft car6 muft be taken that they may remain folid, and if they be laid on the ground * 
it muft be examined whether the foil is intirely firm, and if fo, it muft be levelled, and 
covered with a rough ftatumen ; but if the whole or part of the fpot fliould be of an infirm 
texture, it muft with great care be rendered folid by piling. In contignations (floors) it muft 
be attentively obferved that no walls be built under the pavement fo as to touch it, but that 
they be detached, the boarding being fufpended over them; for when it is made folid, the 
contignation drying or fettling, and the wall remaining immoveable, neceflarily caufes frac- 

i* 

tures on either fide : it is to be obferved alfo not to unite planks of the efculus with thofe of 
the oak ; for as foon as oak receives any moifture, it warps, and thereby caufes fiffures in 
the pavement; but if boards of the efculus be not to be procured, and thofo of oak are 
obliged to be ufed, they ftiould be cut very thin, that, having lefs force, they may be more 
eafily confined by the nails ; then on every joift the fides of the boards are to be fixed by 
two nails, that the edges may not rife by their warping in any part: as for the cerrus, 
fagus or farnus, they cannot endure long. The planking being done, fern, if it can be 

had, if not, ftraw is to be ftrewed over, to defend the wood from the corrofion of the lime, 

/ 

and then the ftatumen is to be laid, confifting of ftones not lefs than fuch as will fill the 
hand: the ftatumen being done, it is to be covered with the rodus, which if new, three 
parts thereof is to be mixed with one part of lime, but if from old materials, five parts with 


(i*) I have mentioned this tree, and the cerrus, fagus 
anti farnus, a little below, hy the Latin names, on account 
of the uncertainty of their fignificaiions. See chapter 9, 
book 2. 

(a # ) The nidus is explained by an anonymous antient 
author (publiflied by the marquis Poleni in his Excrcita- 
tioncs Vitruviansc, p. 198), to confifl of larger (lones 
pounded and mixed with lime; nidus ejl majores lapidcs 
emitufi turn cche mijli. The words of the text indicate it 
to be compafed of rrfufe pieces of ftones or bricks, fee. 
which wc fliatiUl call nibble, and which may be cither 
from new materials, or from fuch as have been tiled in a 
former building; in winch latter cafe Vitruvius dirclU 


more lime to be mixed, on account of the matter being 
drier, and it is then called nidus redivivum , being called 
nidus novum in the former cafe. 

Fcrrault (as Galiani has obferved) lias miftaken the 
ftatumen and the rudus to be the fame tiling, which error 
he has probably been led into by the words flat ton hint tone 
fa£in t immediately following the defeription of the rudus; 
but it is evident that Vitruvius inferts elide words tofliew 
that the ftatumen, as he has before defciibed it, is to be 
laid firft, and the rudus laid upon it ; for he has jolt 
before mentioned the neceflity of defending the boards 
from the lime, and it cannot therefore be fuppofed that 
lie would nowdirrdl the rudus, which is eompolld of lime, 
to be laid immediately upon them, 
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t>Vo; then laying it on, it mull be thoroughly pounded by a number of men with wooden 

rammers, till it be compact, and the thicknefs be three quarters (of a foot): upon this is laid 

the nucleus, compofed of three parts of teflaceous matter mixed with one part of lime, fo 

that the thicknefs of the pavement may not. be lefs than fix inches. Over the nucleus the 

4 * 

paving pieces, whether fediliae or teflerse, are to be exa&ly laid with rule and level; when 
thefe are laid, and have a proper declination, they mud be fo rubbed, that, if they be fertilise, 
no rifiilg8 may remain, whether they be oval (in fcutulis), triangular, fquare, or hexangular, 
but the whole compofition mud be perfe&ly fmooth : if they be teflerse, all the angles fliould 
be equal, and none rife from the furface; for if the angles are not all equal and level, the 
furface will not be lb fmooth as it ought: the pointed tiburtine tiles are much defired, becaufe 
they have no hollows or protuberances, but are rubbed flat and ftraight upon the rubbed fur¬ 
face ; when it is to be levigated and policed, marble powder is lifted, and over that is laid 
a coat of lime and fand. 



(3*) The word tefta in the text may fignify the matter 
of any burnt clays, as bricks, tiles, &c.: it is lb tiled by 
Vitruvius in fcveral other paflages, as teftaceum pavimen - 
turn, in chapter 4. following. 

Perrault has erroncoufly written two parts of this tefta is 
to be ufed to one part of lime, whereas the text exprefles 
three parts to one. 


(4*) L. 7. ch. 1. five fettilibus, feu tejferis—whether 
fetlilia ortejfera .—Of thefe twokindsof pavements Perrault 
and Galiani agree that the tefier® is the Mofaic kind, 
formed by very fmall cubical pieces, becaufc teflerse was 


one name ufually given to the fmall cubical bodies called 
dice. Philander on the contrary thinks the fc<Stilise were the 
Mofaic pavements, to which opinion I alfo incline; for 
although the word teflerse was ufed as one of the names of 
dice, yet it alfo fignified a fquare, or any fquare body, and 
may therefore have fignified a fquare paving (lone, either 
large or fmall, a cube appearing a fquare when laid in 
the pavement j but it probably fignified a large fort of 
(lone, for the following reafons. Vitruvius in this 
chapter fays, that in the teller* pavements it is neceflary 
to work all the angles of the Hones exadlly equal or 

alike_ -ft tejferis ft rut turn erit ut ex omnes angulos ha beaut 

equates , which is indeed necefiary in large (tones, in order 
that they may be regularly laid, but not in the minute 
pieces of which the Mofaic pavements confided j becaufe 
their own figure was not intended to be confpicuous, they 
bring only ufed as the condiment particles of other forms * 
and the examples of the ancient Mofaic that have come to 


our knowledge prove that fuch exa&nefs was not prac¬ 
ticed in thofc minute pieces. Again, Vitruvius hereafter 
mentions large tejfene two inches in thicknefs , which plainly 
proves that teflerse fometimes at leaft fignified large 

Hones * for ftones muft be conflderably large to require 

% • 

to be two inches in thickricfsi Vitruvius diredls the 
feftilia pavements to be rubbed fmooth after they are 
id, but he does not direft the teflerse to be fo rubbed. 


which is an implication that thefe latter were large (tones, 
that might be fo previoufly wrought and laid as not to 
require rubbing afterward ; but it would be very difficult 
or fcarce poffible to lay the very minute pieces of the 
Mofaic pavements in a fcnfibly perfect plane, and 
therefore they would require rubbing after they were 
laid. 

The example Vitruvius mentions of the tiburtine tiles 
(which, by their being deferibed to have no hollows or 
protuberances, we may infer were not very fmall) follow¬ 
ing immediately after the mention of the tetters, is a 
farther fupport to the opinion that the latter likewife were 
not of the fmall kind ; large tefler* two inches on the 
edge are alfo hereafter mentioned: this at lead proves that 
all of the teflerse kind could not be fo fmall as the (tones 
ufed in the Mofaic pavements, which were fometimes lefs 
than half an inch, and feldom more than one inch cube; 
but as thefe are fuid to be two inches thick, it implies 
that their furface was much larger : for thefe reafons, 
therefore, I am of opinion that the fcftiliie were the kind 
now commonly known by the term Mofaic, or rather 
Mufaic, as Vitruvius writes the word. 
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But pavements that are expofed to the weather are to be made particularly fubftantial, 
becaufe the motion of the flooring either fwelling with humidity, fhrinking with drynefs, or 
fwagging in the middle, is apt to injure the pavement; the ice and froft alfo prevent its re¬ 
maining entire: if therefore it be neceffary that it fhould by no means be damaged, it muft » 
be thus ordered; when the planking is done, other planks muft be laid thereon tranfverfely, 
and fattened with nails, forming a double covering to the contignation ; then with new rudus 
a third part of pounded brick is mixed, and to that two parts out of five of lime make the 
mortar of a proper confidence. The ftatumen being done, this rudus is laid and thoroughly 
pounded, fo that it may not be lefs than a foot in thicknefs, and then the nucleus is fpread 
as before mentioned : the pavement is to be formed of large teflene, about two inches on the 
edge, the declination being two inches in ten feet, and thus, if welt tempered and rubbed flat, 

m 

it will remain free from all defedts; but in order that the matter between the joints may 
not be damaged by the froft, it fliould be faturated every year, before winter, with dregs of oil, 
which will prevent its imbibing the froft. If it is to be done yet more carefully, two feet 
tiles, jointed together, muft be laid upon the rudus, having little channels of a finger’s breadth 
cut in the fronts of the ieveral joints, which joints being filled with lime tempered with oil, 
are comprefied and rubbed together ; by this means the lime, which remains in the channel, 

growing bard, fuffers no water nor any thing elfe to penetrate the joints : this being done, the 

• \ 

nucleus is laid thereon and beaten with flicks, and over that either large tefierse or the 
pointed tiles are laid in the declination before mentioned, and when it is thus done it will 
not foon decay. 

/ 
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Of the Preparation of the Lime for the Plaftering and the Stucco. 




H E confideration of the pavements being finifried, then the plafter is to be attended 
to. This will be good, if the lime-ftones be of the beft kind and flaked a long time before 
they are ufed, fo that if fbme of the ftones fliould be too little burnt in the furnace, by being 
long macerated in water, they may be diflolved, and the whole reduced to one confiftence ; 
for fhould the lime be not thoroughly flaked, but be ufed frefh, the concealed crude particles 
ic may contain will, when it is laid; occafion it to emit puftules, becaufe thefe particles flaking 
when in the work, diflolve, and deftroy the fmoothnefs of the ftucco. 


To know when it is fufliciently macerated and properly prepared for the work, the lime 
is to be chopped with an ax in the manner timber is hewn : if the ax meets with lumps, it is 
not well tempered ; and if the iron comes out dry and clean, it fhews the lime to be perifh- 
ing and weak; for when it is fat and well macerated, it will adhere to the iron like glue, 
and this will be a proof that it is well tempered; then the machines being prepared, the 
ceilings of the apartments are to be plaflered, unlefs they are intended to be ornamented with 
lacunarise. 


(i *) Some fuppofe the albaria, which I have rendered 
plaftering, to be a fort compofed of pure lime, while 
others think it to be nothing more than a white wafh : 
that ic is a kind of plafter is evident, for at the 2d chapter 
of the fifth book, Vitruvius fpeaks of ic as the fubftancc 
with which they make cornices. 

Perrault thinks albaria means the ftucco, and that 
te&oria is the name of the plaftering in general. Galiani 
fuppofed albaria to fignify all kinds of plaftering and 
wall whiting whatever, and that tettoria is a name in¬ 
cluding every fort of incruftation wherewith the walls 
may be overlaid. But at the 6th chapter following the 

woid tel loti a is applied to that fort of plafter wherein 

I 


powder of marble was ufed, and which therefore can be 
reckoned no other than ftucco ; and as Vitruvius makes a 
diftinftion between the two, faying, at chap. 10. book 5. 
albaria five tefloria, it is evident that the albaria cannot be 
ftucco alfo : befides, it is not to be doubted but that in this 
chapter Vitruvius fpeaks of the preparation of the lime 
as proper for all the kinds of plaftering, not for the ftucco 
only; and he here ufes the word albariis at the beginning 
to exprefs his intention, cum a pavimentorum cur a difeeffum 
fucrity tunc de albariis operibus cjl explicandum. I have there¬ 
fore generally accepted albaria for the plaftering of all 
kinds, and tettoria for the ftucco only, except in fome 
cafes, where the ft*nfe was plainly different. 
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Of the Conftru&ion of arched Ceilings, and of the Plaftering and 

Stucco Work. 

When arched ceilings are required, they may thus be made; parallel aflers are dif- 
pofed not more than two feet diftant from each other, and chiefly on cyprefs wood, becauie 
fir is foon decayed by worms and age. When thefe aflers are fuited to the form of the curve, 
they muft be fattened to the ties fixed to the flooring or roof with nails of iron, and thefe 
ties fhould be prepared from fuch wood as neither worms, age, nor damps can hurt, fuch 
as box, juniper, olive, robor, cyprels, and fuch kinds ; the oak muft be excepted, becaufe it 
warps, and caufes cracks in the work wherein it is ufed : the aflers being thus fixed, Greek 
reeds bruifed are to be tied to them with cords of Spanifli broom, according as the form may 
require ; alfb upon the upper fide of the arch a mixture of lime and fand is to be laid, that 
in cafe any water fhould fall thereon from the floor or roof, it may be abforbed. But if 
Greek reeds fhould be fcarce, thofe flender ones of the lakes are to be united and bound to¬ 
gether with cords, as before written, and fecured with wooden pegs; all the reft is to be 
done as above written. 


The arches being formed and conne&ed, their under furface is to be rough plaftered, then 
made even with arenatum, and afterward fmoothened with chalk or marble (plafter): when 
the arches are finiflied, cornices are wrought under them, which ihould be made as flender 
and light as pofiible, for when they are large, being loaded with their own weight, they 
cannot fupport themfelves; in thefe gypfum fhould not be mixed, but the refufe of marble 


(i*) This firft rough coat of plafter is called by Vi- 
truvius trullifatio, from trulla , trowel, the tool wherewith 
it was laid : wc are not here informed of its compofitioo, 
but in the following chapter we have the words pro orenato 
tejla truUifetur , and again tejla trul/ifc/ur, which encourage 
an opinion that it confided of lime mixed with pounded 
tiles or bricks. 

(2*) The arenatum was from a min, fand, it being a 
mortar compofed of fand mixed with lime ; fo the mortar 
wherein the powder of marble was ufed was, for the fame 



reafon, called ntamoratum, though fometimes granum. 


(3*) Gypfum is explained by Pliny, b. 36. ch. 24. 
He fays it is a kind of lime, made by burning a ftone 
fimilar to alabafter, but the beft is made from talc : in 
fume countries it is dug out of the earth ready made by 
Nature. And he obferves, that when it is wetted it muft; 
be ufed direftly, as it then quickly becomes dry and hard. 
Prom this deferiprion it appears plainly that the gypfum 
of the ancients wan that kind of plafter which wc now call 
plafter of Paris, and the Italians %ej/b» 
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reduced to a fine powder, which not drying fo precipitately, admits the whole work to dry 

# 

equally ; the manner of thofe of the antients is to be avoided, becaufe the great weight of 
the impending fofites of thefe cornices renders them dangerous. 

Some cornices are plain, and fome enriched ; in apartments where fire or many lights are 
tiled they fhould be plain, that they may be more eafily cleaned. In fummer rooms and 

exedr®, wherein there is no fmoke or foot that can hurt, there they may be enriched ; for 

% 

plaftering, on account of its fuperior whitenefs, is eafily foiled with the fmoke arifing not only 
from the building that contains it, but alfo from the adjacent houfes. 

The cornices being finifhed, the walls are to be roughly plaftered, and thereon, while 
drying, the arenatum is to be laid, being regulated in length by the rule and line, in 
height by the perpendicular, and the angles by the fquare ; for thus the regularity of the 
ftucco will improve the appearance of the pictures : again, while drying, a third coat is laid, 
for the more fubftantial the areftatum is, the more durable and folid will be the ftucco. When 
not lefs than three coats of arenatum, exclufive of the trullifatio (rough plafter), are laid, 
then the coat of plafter in which marble powder is mixed is to be laid; this is to be fo 
tempered, that when worked it may not adhere to the tool, but leave the iron clean and free 
from mortar. When this is done and is dried, it is to be covered with another thinner coat, 
which, after being well worked and rubbed, is overlaid with one yet more thin: thus the 
walls being fccured with three coats of arenatum as well as with the marmoratum, neither 

fifiiires nor other defedts can happen j but the plaftering, rendered folid by beating with 

% 

ftaves, and well levigated with white marble (powder), the colours laid thereon will appear 
bright and fplendid. 

Colours when carefully laid oil the ftucco, while wet, will not fade, but will always remain 
the fame, becaufe the lime being deprived of its humidity in the furnace, and made porous 
and dry, eagerly imbibes whatever moifture happens to touch it, and by their different pro¬ 
perties, the particles or principles uniting together in the mixture, grow into one folid 
body on whatever part applied, and when dry are found to be fo incorporated as to appear 
like one fubftance, and to have the fame qualities : the ftucco, therefore, when properly done, 
will neither by age become fcaly, nor will it when cleaned di(charge the colours, unlefs they 
have been laid with too little care, or after the work was dry : if then the incruftatioii of the 
walls be done as before written, it will retain its finnnefs and fplendour to a great age; but if 
one coat only of arenatum and one thin coat of marmoratum be laid, not having fuflicient* 
ftrength on account of its thinnefs, it eafily cracks, nor will it retain its proper finoothnefs. 
A filver mirror when formed of a thin plate has but an uncertain and weak reflexion j but 

L 
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when it is of a fufficient fubftance, it receives a flrong polifli, has a Alining appearance, and 
reflects images exactly and diftin&ly: and fo the ftucco, wheo of thin fubftance, not only 
cracks, but alfo foon decays; but if rendered fufficiently fubftantial by having a proper thick- 
nefs of arenatum and marmoratum, it will, when polifhed, appear brilliant, and diftindly 
reprefent the figures delineated thereon. 

The Greek plafterers not only ufe thefe means to make their work fubftantial, but alio 
put the lime and land mingled together into a pit, where the matter is pounded by a com¬ 
pany of men with wooden rammers ; when thoroughly tempered, it is then ufed: flabs 

thereof cut from the antient walls are ufed for abaci, and the fame kind of ftucco is ufed in 

♦* 

the prominent divifions around the abaci and mirrors t If the ftucco is to be laid on wooden 
partitions, the perpendicular and tranfverfe pieces of which caufe cracks, becaufe when they 
are covered with the mortar they abforb moifture, and then ftirinking as they dry, occafion 
fifliires in the ftucco; that this may not happen, the following method mufl be obferved : 
After the whole wall has been plaftered, reeds placed dole together are to be fixed on the 


(4*) « Itaque veteribus parieribus nonnulli cruftas exci- 
“ dentes pro abacis utuntur, ipfaque tettoria abacorum & 
* c fpeculorum divifionibus, circa fc prominentes habent 
“ exprefiiones. ** If it is uncertain what is precifely meant 
by the term abaci in the 3d book, it is particularly applied 
to the flat (tones that lay upon the tops of the capitals; but 
its general fignification is any flat tabulated fubftance. 
Barbaro thinks it here fignifies tablets for painting on, 
and Perrault renders it tables. Galiani fuppofes it to 
fignify bricks, and tranflates the pafiage to this cfFett: 
“ Some cut from the old walls pieces of plafter and ufe 
{t them for bricks, and in the fame plaftcring diftribute 
« thefe bricks fo that they form a relievo around the 
«« ground of the quadratures.” 

Though I cannot pretend to afeertain what Vitruvius 
here means by the abaci, I cannot be of Galiani’s opinion 
that they are bricks ; no inftancc of plafter being ufed 
for bricks by the notients has ever been known, or at 
lead come to my knowledge j and it would be very im¬ 
proper to be fo ufed : it feems to me more likely to 
allude to the pannels into which the ftucco of the walls 
might be divided, examples of which are feen in fundry 
remains of antiquity ; the rather alfo on account of thefe 
abaci being mentioned with the fpcculi or mirrors, which 
arc tabular fubftances flmilar to fuch pannels: and the 
next chapter mentions fuch abaci being uled to decorate 


the walls above the part of the podium or dado as we 
call it. What Galiani means by riquadriture , which I 
have rendered quadratures, I know not; he has ufed 
it for (peculorum in tHe Latin, which probably were the 
filver mirrors Vitruvius has before mentioned in this 
chapter. Galiani may mean the fame by this word ; for 
if he fhould mean thereby the abaci, he muft have ufed 
that word twice in the fame fentence for different 
meanings. 

But the ufing thefe pieces of old plafter to make the 
margins or frames around fuch quadratures (whichever 
may be meant), as Galiani has tranflated it, is highly 
improbable, nor does it appear to me that the Latin 
words have any fuch meaning. It would be a very 
laborious work to cut old pieces of plafter to make 
frames s it would be a much more eafy and more fubftan¬ 
tial work to make fuch frames or mouldings with new 
plafter, though it ftiould be ncceflary to be at the pains 
of making the plafter for fuch purpofes as good as the 
Greeks made it j and this is indeed my conception of the 
pafiage, the words ipjaque ttttoria not, in my opinion, re¬ 
ferring to the abaci or the old plafter pieces cut from the 
walls, as the tranflators have rendered them, but to the 
new plafter or ftucco made in the Greek manner, men¬ 
tioned at the beginning of the paragraph. 
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work with fly-headed nails; then plaftering the work again, a fecond coat of reeds is to be 
fixed perpendicularly, provided the former were placed tranfverfely, and then the arenatum 
and marmoratum are to be laid as before defcribed; thus by means of the double coat of reeds, 
fixed againft the walls tranfverfely to each other, neither cracks nor fiffures can happen. 
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Of the Plaftering in damp Situations* 


H AV E fpoken of the method of plaftering in dry places ; I fhall now explain how it 


ought to be done in humid fituations, fo that it may remain undamaged. 


And firftly, in apartments on the ground ftory, the Walls are to be plaftered aild made 
ftraight with brick-duft mortar, to the height of three feet from the pavement * that in that 
part the ftucco may not be damaged by the humidity; but in walls that are continually 
damp, another thin wall is to be built withinfide, as far diftant from the other as neceflary, 
and between the two walls a channel is to be made lower than the pavement of the apart¬ 
ment, having openings to fome uncovered place; alfo, when the Wall is ereited, vent holes 
are to be left; for if the humidity have not vent at the top as well as at the bottom, it will 
penetrate into the new wall: this done, the wall is to be plaftered and made even with brick- 
duft mortar, and then fmoothed with ftucco. If the place ftiould not admit of a wall being 
built, channels are to be made, with holes from thence to the outfide ; then two feet tiles 
are laid, one fide retting on the margin of the channel, the other on little eight inch brick 
piers, upon which the angles of two tiles may reft, and not be farther from the wall than 
one palm; upon thefe upright bent tiles are fixed from the bottom to the top of the wall, 
their inner fide being well pitched, that the water may be reje&ed : alfo at the bottom and 

at the top, above the ceiling, vent holes are to be made ; then the tiles arc to be whitened 

* 

with lime diluted with water, that the plaftering may adhere, for on account of the drynefs 
which they have acquired in the furnace, they cannot receive nor fupport the plaftering unlefs 


(5*) Clavis mttfeariis. Galiani obferves that they now cures, from the Omilarity of their name and ufe, that they 

ufe in Italy a fort of nails called mofear dini t froir^ the are probably the fame fort that were formerly ufed by tl.c 

rcfemblancc of the head to the body of a fly ; and conjee- am lent Romans. 
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lime is applied, which adhering to both fubftances, connects them together ; with the brick- 
duft mortar it is then plaftered and made even, and all the reft, as before written, being done, 

it is laftly finifoed with ftucco. 

* 

Concerning the ornaments of the plaftering, they muft be regulated by the rules of decor ; 
fo that being adapted to the places, and not unfuitable to the peculiar circumftances, they may 
acquire approbation. 

In winter tricliniums, neither thefe ornaments nor paintings are proper, nor fhould the 
cornices of the ceilings be minutely ornamented, becaufe they are fpoiled by the fmoke 
from the fire, and the foot from number of lights ; but in thefe apartments the abaci (or 
pannels) above the podium are coloured black, and polifhed with yellow or red ornaments 
intermixed. 

When the ceilings are finifhed and poliflied, then with regard to the pavements it may not 

be amifs to defcribe the method ufed by the Greeks in their winter apartments, which, though 

% 

lefs fumptuous, are more convenient. They dig into the floor of the triclinium about the 
depth of two feet, and the bottom being well rammed, either rudus or teftaceous pavement 
is laid, having an inclination toward the holes of the drains ; then a compolition is made of 
pounded coals, with fand, lime, and afhes mixed together, and laid even and level half a foot 
in thicknefs, and the furface being rubbed with ftones, it appears like a kind of black pave¬ 
ment : and at their feafts, the liquid that may fall thereon from the cups or their mouths, is 
dried up as foon as it falls. And even if the attendants have their feet naked, they receive 
no cold from thefe kind of pavements. 


(i*‘) Abaci cxatramcnta Junt Jubigendi & poliendi , cumis 

filaceis feu miniaceis intcrpofitis . 

The words filaceis and miniaceis, which come from fil 

and minium, explained in the following chapter, have 

been ufually tranflated yellow and red ; but filaceis , in 

my opinion, fignifies all cchrcous colours, not yellow 

6 


[ only; wherefore I have chofen to give the original 
words. 

The word cuneis is tranflated by Perrault, triangles, 
and by Galiani, fquarcs, I underftand it in this cafe to 
fignify either ornaments in general, or fome particular 
fort in ufc at that time. 




Of the Manner of Painting in Edifices. 


In other apartments, that is, in thofe for fpring, autumn and fummer, as alfo in the 
atrium and periftylium, the ancients have eftablifhed certain methods of painting. A picture 
is the reprefentation of things that are, or may be; as men, buildings, fhips, and other 
things ; of which the copy, by having the exadfc form and outlines of the real body , aflumes 
the likenefs. The ancients, who originally inftituted this manner of decoration, at firft 
imitated the varieties and marks of marble incruftation, then cornices, difpoflng between 
them divers filaceous and miniaceous coloured ornaments : they proceeded afterward to 

0 

reprefent edifices, with columns and pediments projecting ; but in fpacious places, fuch as 
exedrae, on account of the amplitude of the walls, they reprefented the fronts of fcenes in the 
tragic, comic, or fatyric manner ; and ambulatories, being of a great length, they orna¬ 
mented with landfcapes, exprefling the appearances of particular places, painting harbours, 

% 

promontories, fea-coafts, rivers, fountains, canals, temples, groves, mountains, cattle and 
fhepherds; in fome places alfo, large paintings of figures, reprefenting the gods, or fabulous 
hiftories j the Trojan war, or the wanderings of UlyfTes, and other fubjetfts of a fimilar 
kind, which are conformable to the nature of things. 


But fchefe fubjedts, which our forefathers copied from nature, are now, by our depraved 
manners, difapproved; for monfters, rather than the refemblances of natural objeds, are painted 

9 

on the ftucco; reeds are fubflituted for columns, and for the pediments, fluted harpagine- 

f • 

tuli, with curling foliage and volutes; alfo candelabra fupporting the forms of little buildings, 
their pediments riling out of roots, with numerous volutes and tender ftalks, having, con¬ 
trary to reafon, images fitting on them 5 fo alfo the flowers from ftalks have half figures 
fpringing therefrom with heads, fome like thofe of men, fome like thofe of beafts, which 



(t*) The word harpaginetuli lias excrcifed the in¬ 
genuity of all the commentators hitherto; their conjec¬ 
tures concerning its fignification are very various, and 
fome far fetched; the mod probable feems to be that it 
is derived from barpago, an book , and that it means fome 


kind of ornament or fcroll, in imitation of fuch an in- 
ftrument: but it will be beft explained by referring to 

the Herculnnenn paintings, where various grotesque 

% 

ornaments are feen to be fubflituted for the faftigiums or 
I pediments of the fcvcral buildings there represented. 

M 
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things neither are nor can be, nor ever were: and this new mode fo prevails that thofe 

who are not judges, difregard the arts ; for how is it poflible for reeds to fupport a roof; or 

candelabra, buildings and the ornaments of pediments; or ftalks, which are fo flender and 

foft, fitting figures ; or the flowers of ftalks produce half images? Yet men, being accuftomed 

to the fight of thefe abfurdities, do not cenfure, but are pleafed with them, without confider- 

ing whether they be proper or not; the judgment, depraved by habit, examines not whether 

■ ** 

they be according to propriety and the rules of decor; for pictures ihould not be approved 

% 

unlefs they be conformable to truth, even although they be well executed ; they ought 

therefore to be immediately condemned, unlefs they can bear the trial of rational examina- 

✓ 

tion, without being difapproved. 

Thus at Tralles, when Apaturius of Alabanda had excellently well painted a fcene in the 

N 

% 

little theatre, which with them is called the Ecclejtajlerion , and inftead of columns had 

a 

placed ftatues and centaurs, fupporting the epiftylium, the circular roof of the dome, and 
projecting corners of the pediments, and ornamented the cornice with lions’ heads, all which 
have reference to the roofing and eaves of edifices ; above thefe neverthelefs in the epifcene, 
domes, porticos, femi-pediments, and all the various parts of buildings were again painted : 
wherefore upon the appearance of this fcene, when by reafon of its enrichment it was 
found pleafing to all, and they were ready to applaud the work, Licinius the mathematician 
then advanced and faid, “ the Alabandines are fufiiciently intelligent in all civil affairs, but 



(z*) Galiani obferves that Pliny, 35. 10. fays this ftyle 
of painting was invented in the time of Auguftus, by 
Ludius j but adds, it is more probable that Ludius was 
only the propagator, as Vitruvius here Jays it was in ufe 
even before bis time . This fuppofition arifes from Galiani 
taking it for a fa<ft that Vitruvius wrote in the time of 
Auguftus; but as there appears no reafon to doubt the 
affertion of Pliny in this cafe, the paflage is rather an 
evidence that Vitruvius wrote after the time of Auguftus, 
fince he intimates that it had been invented and in ufe 
before the time he wrote : but the faft is, Galiani has 
miftaken the ftyle of painting Pliny fpeaks of * it is not 
the grotefqtie ftyle here cenfurcd by Vitruvius, but the 
approved ftyle that he has immediately before mentioned 
and faid was ufed by the ancients: this will be evident by 
comparing the deferiptions of the two authors, in which 
fevcral of the words made ufe of are the very fame.— 
Pliny, b. 35. ch, 10. fays, “ non fraudando &Ludio &divi 
c< Augufti ietate, qui primus inftituit nmccnifliipam parie- 
turn pidUiram, villas & portions ac topiaria opera, lucos, 
<f nemora, colics, pifeinas, curipos, amnes, Jittora, &c.— 
“ not to deprive of due honour, Ludius, who, in the 


“ time of the deified Auguftus, firft invented that mod: 
€t pleafant manner of painting the walls with villas, por- 
“ ticos, landfcapes, woods, groves, hills, fifli-ponds, 
“ canals, rivers, fea-coafts, &c.” Thefe are all real ob¬ 
jects, fimilar to thofe Vitruvius enumerates and approves. 
This ftyle, Pliny fays, was invented in the time of Au¬ 
guftus, and this is the ftyle Vitruvius fays was invented 
and ufed by the arfeients, but which at his time had 
given place to the grotefquc ftyle. Thefe circumftances, 
therefore, muft amount almoll to demonftration that 
Vitruvius wrote at a time long after that of Auguftus: 
this may therefore be added to the arguments on that 
conteftcd point, in the Obfcrvations on the Life of 
Vitruvius. 

The grotefquc kind of painting was firft difeovered 
by the moderns in the baths of Titus at Rome, and was 
imitated by Raphael at the Vatican; fince which it lias 
continued to be in ufe. It is faid to have obtained its 
name from being firft fecn in vaulted apartments, which 
being almoft buried in the earth and ruins, appeared like 
caves or grottos, from whence came the term grot fine. 
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for.a trifling impropriety are deemed injudicious; for the ftatues in their gymnafium are all 
in the attitude of pleading caufes, while thoie in the forum are holding the difcus, or in 

the attitude of running or playing with balls; fo that the unfuitablenels of the attitudes of 

„ . ' 

the figures to the purpofes of the places, throws a public difgrace upon the city. Let us then 

3 * 

take care that by the fcene of Apaturius we are not deemed Aiabandines, or even Abderites; 
for who among you places upon the tiles of the roofs of your houfes columns or pediments ? 
Thele things are placed upon the floors, not upon the tiles. If then we approve in painting 
what cannot be in fadt, we of this city fhall be like thofe who, on account of the fame error, 

9 

are deemed illiterate.’* Apaturius dared not to reply, but took down the fcene and altered 
it fb as to be confiftent to truth; after which it was approved. I wifh the immortal gods 
would reftore Licinius to life, that he might corredl this folly, and fafhionable disfigurement 
of our flucco work : but why a falfe overcomes a juft mode, it will not be foreign to the 
purpofe to explain. 


The ancients, with labour and application, endeavoured to make their works be approved by 
the excellencies of art; this is now fupplied by the beauty of colours, and the ufe of {hofe of 
the moft coftly kind; and that value which was formerly given to works by the fkill of the 
artift, is not defired, fince the expence of the proprietor fupplies its place. Who among the 
ancients is known to have ufed minium otherwife than fparingly and as a medicine ? But now 
it is everywhere laid over the whole wall; it is the fame with cryfocolla, oftrum and armenium, 
which when laid, although without any art, appear very brilliant to the fight; and they are 
fo coftly, that it is ufually fpecified in the articles of agreement that they fhall be purchafed 
by the proprietor and not by the contradlor. 

I have explained as well as I am able the means by which defedis in the flucco work may 
be avoided : I fhall now fpeak of the other requifite materials as they may occur; and as the 
lime has been before mentioned, the marble (powder) remains to be treated of. 


(3*) The Abdericcs was a nation proverbially accounted ftupid. 
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Of the Preparation of Marble Powder for the Stucco* 


J\^ARBLE of the fame kind is not produced in all countries ; but in lome places there 
grow pieces that have pellucid particles like falts, which being pounded and ground, is very 
proper for the ftucco work and cornices: but in places where plenty of thefe are not to be 
had, the marble chips or aflulae, as they are called, which come from marble in working 
it, are to be pounded with iron peftles, and lifted in fieves; then being feparated into three 
forts, the larger fort, mixed with lime, as before defcribed for the arenatum, is firft laid, 
then the fecond, and laftly the third, which is the fineft fort: thefe being laid, and the 
ftucco well levigated and rubbed, the colours are next to be confidered, that they may appear 
bright and fplendid: the differences and preparation of thefe are as follow'. 




Of Colours, and firft of Ochres. 

•Some colours are generated in certain places, and are dug from thence; fome are pro¬ 
duced from working, combining, or tempering other things fo as to anfwer the fame purpofe 
in the work : but we will firft difcourfe of thofe which grow of themfelvcs, and are dug out 
of the earth. 

That which the Greeks called ocbrce is found in many places as well as in Italy, but the 
beft is that of Attica, which is not now to be had : but at the time the filvcr mines at Athens 
were wrought, whenever in digging they found a ftrong vein (of ochre), they followed it as if it 
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had been filver; the ancients therefore had plenty of excellent fil for the colouring of their ftucco 

.. 

work. Rubrica is alfo found plentifully in many places ; but the beft at few, as at Sinope in 
Pontus, and in Egypt, in the Spanifti Balearic iflands, as well as at Lemnos, the revenue 
of which iflands, the fenate and people of Rome granted to the Athenians. 


Parxtonium takes its name from the place where it is dug; fo alfo does melinum, which 
mineral is fo called from Melus, one of the iflands of the Cyclades. Green earth grows alfo 
in many places, but the beft at Smyrna ; this the Greeks call Tbeodotion , becaufe Theodotus 
was the name of him in whofe land it was firft difeovered. 

r 

4 * m m 5* 

Auripigmentum, which by the Greeks is called arfemcon> is dug at PontUs : fandara alfo at 
many places, but the beft at the mine near the river Hypanis in Pontus ; in fome places, as 
between the confines of Magnefia and Ephefus, are pits where it is dug fo well prepared, that 
it neither requires to be ground nor lifted, being as fine as thole which are bruifed and 


kneaded by the hand. 


(1*) Whether the fubftance called by the Latins fil 
was the fame as that the Greeks called ochre has been 
doubted: that it was the fame feems to me moft pro¬ 
bable, as it was found as ochre is, in or near mines of 
metal, and was, like it, a coloured earth. Pliny, book 33. 
chap. 12. fays, Silproprie limus ejl ,— fil is a kind of clay . 
Galiani endeavours to prove by the word fil, that the 
Romans meant no other coloured earth but the yellow, or 
that now called yellow ochre ; and he alleges in favour 
of his opinion, that Pliny fays the Attic and Gallic fil was 
ufed for the lights of pictures, and muft therefore be of a 
light colour. This is true; but Pliny alfo fays the fil of 
Syros and Lydia was ufed for the lhades, which proves 
there was dark as well as light coloured fil. 

(2*') Rubrica is a red earth. Pliny, b. 35. ch. 6. fays 
it was nearly of the colour of minium, which it was 
ufed to adulterate. 

(3*) Paiastonium and melinum were, according to 
Pliny, white earths; the former came from a place of the 
lame name in Egypt, and was adulterated with boiled 
fulleis earth. 

(4*) Auripigmentum, or arfcnic, as here called, is fup- 
pofed to be that fubfhncc which we call orpiment. Pliny 

I 




deferibes it, b. 33. ch. 4. to be of the colour of gold. It 
is found, he fuppofes, in gold, filver, and copper (nines, 
and fometimes in beds of marie. Our orpiment is arfcnic 
with a portion of fulphur. 

(5*) Sandara, Pliny, b. 34. ch. 18. alfo fays is found in 
gold and filver mines, and is a little paler than arfenicum, 
which is of the colour of gold : at b. 35. ch. 6. he fays it 
grows on the ifiand of Topaztis in the Red Sea; that it 
ought to be of a flame colour, and is counterfeited and 
adulterated with cerufe or white lead burnt. I muft 
notice, for the benefit of his readers, that Galiani has here, 
and at the 12th chapter, tranflated fandaraca t minium, or 
red-lead, urging as a proof, that Vitruvius there fays 
landaraca was made by burning cerufe : this is true ; but 
cerufe, by a certain degree of burning, becomes yellow, 
growing red when burnt in a greater degree; and the 
foregoing quotations of Pliny plainly prove that fandaric 
was of a yellow or flame colour, paler than auripig¬ 
mentum, and therefore cannot be the modern minium, 
which is of a bright red colour. 

Pliny more nearly deferibes minium under the name of 
ufta. See note 2,ch. 11. following. 

There is a gum alfo called fandaric, which is obtained 
from the juniper tree. 
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Of Minium. 

w 

W . . . 

E now proceed to the defcription of minium : this is reported to have been found in 

the Cilbian fields of Ephefus; the fubftance as well as the procefs relative thereto is fuffi- 

♦ 

ciently curious ; for when the mafs is dug up, before it is wrought into minium, it is called 
anthrax: it appears like the ore of iron, but is a little redder, having a red powder about 
it after it is dug; being beaten with iron inftruments, it yields many drops of quickfilver, 
which the miners immediately gather. When the mafles are collected in the laboratory, being 
full of moifture* they are thrown into a furnace to be thoroughly dried; and that vapour 
which is raifed from them by the heat of the fire is, when it fubfides on the floor of the 
furnace, found to be quickfilver: the mafles are then taken out, and the drops that remain, 
being too fmall to be colle&ed, are poured into a veflel of water, where they run together 
and unite. This quickfilver* when it meafures four fextarii, will be found to weigh one 
hundred pounds; and being put into any veflel, if a ftone weighing a hundred pounds is laid 
thereon, it will fwim on the furface, nor can it by its weight deprefs, daft* over, or difperfe 
the liquid ; yet upon removing the hundred weight, if a icruple of gold be laid thereon, it 
Will not fwim, but fink to the bottom by its own weight. It is therefore not to be denied 
that the gravity of bodies is not owing to the greatnefs of their weight, but to their peculiar 
nature. 


Quickfilver Is found ferviceable for many purpofes; for without it, neither filvcr nor brafs 
can be properly gilded $ and when garments embroidered with gold arc decayed by age, 


(i ■■■) The fubftance which we call minium is a pre¬ 
paration of lead, being cerufe or white lead burnt till it 
becomes red ; thence alfo called red lead : but the mi¬ 
nium of the antients appears by the defcription to be that 
fubftance which we know by the name of native cinnabar, 
or vermilion. Pliny, b. 33. ch. 7. fays it is found in 
filvcr mines, was firft difeovered by Callias.an Athenian, 
in the 3.19th year of Rome, is in colour like coccum, 
(which we call kerines), and like the hematites or blood- 
done burnt. I le obferves, fome erroneoufly called it 
cinnabar, which was the Indian name of dragon’s blood; 
and that on account of the dearnefs of both cinnabar 


and minium, they ufed rubrica and finopis in their 
Read. 

He alfo deferibes another fort of minium found in lead 
and filvcr mines, and which is not red till it is burnt : 
this may probably be a part of the metal corroded by 
fonn; acid in the mine, and thereby brought to the flare 
of cerufe, and which, like it, when burnt, turns ml ■, with 
this and fyricum, Pliny fays they adulterated the true 
minium. 

(2 ) The fpccific gravity of the ftone being lefs that* 
that of quickfilver, and that of the gold being greater. 
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and can no longer With decency be worn* being burnt in an earthen veflel over the fire, and 
the allies thrown into water, upon adding quickfllver thereto, it attracts all the particles of 
gold, and unites them with itfelf; then the water being difcbarged, it is poured into a 

3* ’ . . 

cloth, and there prefled with the hands, by which the quickfllver, on account of its fluidity* 
is forced through the pores of the cloth, and the pure gold is found comprefied together 
within. 



CHAPTER IX. 

Of the Preparation of Minium. 

J 

* 9 

• _ _ *_ «_ 

E now return to the preparation of minium : when the niaflis are hafd, they are 
pounded with iron tools, and ground, and then by frequent wafliing and boiling they are 

0 

brought to their colour ; when this fhall be effected, then the minium, by being deprived 
of the quickfllver, which has in itfelf fome natural properties, is left, and becomes of a foft 
and weak nature; therefore when laid on the ftucco, within apartments, it retains its colour 
without fading : but in uncovered places, as periflyliums, exedrse, and fuch like, into which 
the fun and moon can fhine and emit their rays, it is by their contact vitiated, and lofing 
its brightnefs, becomes of a dull colour: thus among many others* the fecretary Faberius, 
intending to have his houfe on theAventine Mount elegantly decorated, had all the walls of 
the periftylium coloured with minium; but after thirty days, it changed of various and dif- 
agreeable colours, wherefore he direCtly ordered other colours to be laid. 

But whoever would be more curious, and would have the minium retain its colour, muff, 
when the wall is finifhed and dried, lay over it, with a hog’s hair brufli, a coat of punic wax, 

t 

melted and tempered with a little oil; then with burning coals in an iron veflel, thoroughly 
heat the wall and the wax till it diflolvcs and lies even; afterward with a roll of clean linen 
rub it as they do naked marble ftatucs: this is called caitftis by the Greeks; and this coat of 
punic wax will prevent the rays of the fun and moon from extracting the colour. 



7 


(3*) Pliny fays a fkin of leather: in pcHcs fubalhis cftuiulitur. See 1 33. ch. 6 . 
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Thofe laboratories that ufed to be at the mines of Ephefus, are now removed to Rome, 

becaufe mines of the* fame kind have been fince difeovered in Spain, from whence the maffes 

of earth are brought, and worked by a public fociety at Rome : thefe laboratories are between 

«# 

the temples of Flora and Quirinus. 


Minium is adulterated with a mixture of lime ; whoever therefore would try if it be good, 
muft proceed thus: take a plate of iron, and laying the minium thereon, place it on the 
fire till the plate be red hot; when its bright colour is changed, and it appears dark, take it 
from the fire, and if, when it is cold, it becomes of its original colour, it is a proof that it 
is pure ; but if it remains of a dark colour, it is a fign that it is adulterated- I have now 
mentioned what occurred to me concerning minium. Chryfocolla is brought from Mace- 

J# 

donia, and is dug in thofe places which are near copper mines; minium and indicum alfo 
by their names indicate in what places they are generated. 



(1*) Which flood on theQuirinal Mount. 

{2*) Chryfocolla , glutium auri. Gold folder , fo called, 
becaufc ufed for the foldering of gold. Pliny deferibes it 
at book 33. ch. 5. He fays that itwas formed by water 
flowing through the veins of metal being indurated by 
the cold of winter ; and that it was alfo made by art: 
in that manner it was found in mines of different metal; 
but that of copper mines was moft efteemed. It was 
called luteum from the herb of that name, with which 
and alum it was brought to its colour before it could be 
ufed : this fubftance we now call borax ; it is brought to 
us from the Eaft Indies, and is white: but it is faid to 
take a different colour according to the mine from 
whence it comes, being yellow if from a gold mine. 


white from filver, black from lead, and green from a 
copper mine, which latter muft be that here fpoken of 
by Vitruvius, who fays it was found near copper mines : 
and at the 14th chapter fays, wherever it was fcarce 
they ufed inftead of it a mixture of cerufe and the herb 
luteum, which made a full green. This Pliny alfo notices, 

but fays it is a bad and fallacious colour. 

# 

(3*) Minium, from the river Minius in Spain, which, 
as Galiani obferves, might have taken its name from the 
colour, at the time it was found there, rather than the 
colour from it; efpecially as the colour was firft dif¬ 
eovered at Ephefus. 

Indicum, from Indicus or India, whence it was brought, 
according to Pliny, b. 35. ch. 6. 
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Of fafiHtious Colours, and of Black. 

I NO W proceed to fuch as are made from things of another kind, which, by being wrought, 
are changed, and acquire the properties of colours: and firft, I fhall fpeak concerning black, 
of great ufe in all works, that the true manner in which it is prepared and tempered may 

0 

be known. 


A place is built like a laconicum, and lined with marble fmoothened and polifhed ; before 

* 

this is built a little furnace, having holes into the laconicum, and the mouth of which is to 
be very carefully clofed, that the flames may not pafs outward ; then refln is put into the fur¬ 
nace, the fmoke from which is, by the fire, forced through the holes into the laconicum, where 
it adheres to the walls and curve of the dome; whence being collected, part thereof is levigated 
with gum, to make ink for the ufe of the copyers of books \ the reft is mixed with fize, 
and ufed for colouring the ftucco on walls. 


But if thefe materials cannot be procured, that the work may not be delayed, it will be 

necefiary to proceed thus: twigs or chips of the pine tree are to be burned, and the coals, 

when extinguifhed, are to be pounded in a mortar with glue, which will make a black for 

the ftucco work, not difpleafing : folikewife the lees of wine dried and burnt in a furnace, 

being ground together with glue, and laid on the work, makes an agreeable black; and 

the better the wine was, from which it was prepared, the black will not only be better, 

*£ 

but will even approach the colour of indicum. 



(i*) The laconicum is mentioned in the ioth chapter 
of the 5th book, 

(2*) Pliny, b. 35. chap. 6. mentions this black, made 
from the lees of wine, in the fame manner; but fays the 


mod efteemed black was that made from the ted a or 
pine, which was adulterated with the foot from furnaces, 
or the baths : he fpeaks alfo of the black made of burnt 
ivory, called elephantinum, and of fomc earths which are 
naturally black, 
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Of Ceruleum and Ufta. 


HE making of ceruleum was firft difcovered at Alexandria, but was afterward made 
by Veftorius of Puteoli: the manner in which it is made is curious enough ; fond together 
with flowers of nitre are pounded till they become like powder, which being mixed with 
the grols filings of Cyprian copper, is wetted fo that it may adhere together; then it is rolled 
into balls, with the hands, and left to dry; thefe, when dry, are put into an earthen veflel, 
and let in a furnace, where the copper and land heating together, and giving and receiving 
the vapours of each other, change their properties, and by the force of the fire are brought 
to the colour of ceruleum. 


3* 


Ufta, which is very ufeful in ftucco work, is thus made : the glebe of good fil is burnt in 
the fire till it becomes red-hot, and is then quenched in vinegar, which renders it of a purple 
colour. 


(1*) Pliny, b. 33. ch. 13. fays ceruleum is a fand, 
and diftinguilhes three kinds of it which were formerly 
in ufc, v sr. the Egyptian, Scythian and Cyprian; to 
which he adds the Puteolan and Spanilh, and another 
fort latterly introduced, called Veftorianum, from the in¬ 
ventor: he adds, it is tinged with the juice of an herb in 
the fame manner as chryfocolla, and is counterfeited by 
boiling violets in water, draining the liquor through a 
cloth, and then mixing it with eretrian earth. 

The ceruleum of the antients is thought to be the fame 

as, or fimilar to, that fubftance which wc call fmalr, of 

l 


a blue or azure colour. 

(2*) Ufta, which fignifies burnt, Pliny, b. 35. ch. 6. 
fays, was firft difcovered by an accidental fire at Fyra?us, 
which by burning ccrufe that was there in earthen veflTels 
produced that colour; the beft came from Afia, and was 
called purpura: this feems to be the fame as our minium, 
or red lead. But Pliny adds, ufta was alfo made at Rome, 
by burning the fort of fil called marmorofum, and 
quenching it in vinegar (as Vitruvius relates), and that 
it was ufed for the (hades of pictures. 


o o 
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Of Cerufe, y£rugo and Sandarac. 



T is not foreign to the purpofe to mention how cerufe and serugo, which we call eruca, 
are prepared. 


The Rhodians place twigs in tubs, wherein they pour vinegar; upon the twigs they lay 
mafles of lead, and then clofe the tubs with covers, fo that the vapours may not exhale : after 
a certain time they are opened, and the mafles of lead are found to be changed to cerufe. 

In the fame manner laying plates of copper, they become aerugo, which is called eruca. 


But cerufe, when burnt in a furnace, changes colour by means of the fire, and becomes 

3 * 4 * 

likefandarac; which effect men learnt by an accidental fire ; and this is much better for ufe 

. s4fe 

than even that which grows, and is dug from the mine. 


(i*) Cerufe or white lead is well known to be lead, 
corroded by an acid vapour; vinegar is generally ufed 
for that p'urpofc, by which the lead is corroded and 
changed to a white fubftance. Pliny, b. 34. ch. 17. men¬ 
tions its being made in the fame manner. 

(a*) TErugo, or copper ruft, is by us called verdigrife; 
it is of a green or bluifh green colour. Pliny, b. 34. 
ch. 11. agrees with Vitruvius in the manner of its being 
made ; he odds, it is fometimes adulterated with marble 
duft, pumice-ftone, or gum, and with atramentum, or 
copperas 1 the former of which may be difeovered by 
grinding it between the teeth, the latter by burning it in 
an iron pan ; for if it be pure it retains its colour, if not it 
turns red. 

( 3 *) EJJicitur fmdaracha I have transited, becomes like 
fandarac , meaning like it in colour. The words might 
be underflood to fignify that cerufe is changed into real 
fandarac, which I believe is not the fa£t, the real fort 
being, in my opinion, a compofition of arfenic and ful- 
phur, like atiripigmentum, with which it is mentioned at 
the 7th chapter foregoing. 


(4*) Pliny, b. 35. ch. 6. relates, that it was ufta that 
was difeovered by an accidental fire, as noticed in the 
foregoing chapter; but it is probable both ufta and fan¬ 
darac were difeovered by the fame means, both of them 
being cerufe burnt in different degrees, or being imitable 
by fuch means. 

# 

(5*) I muft here notice what appears to me an error 
in Galiani’s tranflation. Vitruvius having faid that “ ce- 
" rufc burnt becomes fandarac,” adds, t( and this is bet* 
*' ter for ufe than that which is natural, or which grows 
“ in the mine.” Galiani in his notes upon this paffage, 
fays, <l I biunchi minerali che qui non fi fpecificano fono 
* r il melino c il paretonio .”— f< The white minerals not 
“ here fpecified are melinurn and paretonium.” 

This feems to me an evident miflake, for Vitruvius in 
this paflage is not fpeaking of any white fubltuices, but 
of artificial fandarac; and therefore the unfpecified natural 
fubfianee referred to by the words that which grows na¬ 
turally, cannot be any naturally white earths, but the 

9 

native fandarac which he has deferibed at the 7th chap¬ 
ter preceding. 







*74 


VITRUVIUS. 


C 


H 


A 


P 


T 


E 


R 


XIII 


Of Oftrum. 


I 




X BEGIN now to (peak of oftrum, which is the deareft and moft excellent of all colours, 
and has a moft pleafing appearance. This is obtained from the fea fliell-filh, with which the 
purple dye is made, and which is not lefs worthy of admiration than any other natural 
curiofity. It is not of the fame colour in all places where it is produced, but is naturally 
varied by the fituation of the fun. Such as are gathered near Pontus and Gaul, thofe coun¬ 
tries being northerly, are blackifli. Between the fouthem and weftern countries they are 

found livid. Thofe toward the Equinoctial, eaft and weft, have a violet colour. But fuch 

0 

as are taken from the fouthem regions, arc of a ruddy hue. Thofe therefore which are pro- 
duced near the ifland of Rhodes, and in other limilar places, which are near the line of the 
fun, are red. When thefe conchylia are collected, they are broken to pieces with irons, and 
the purple humour that oozes out like tears, is drained into a mortar, and ground : this is 
called oftrum, becaufe it is obtained from fhell-fifli; but this, by reafon of its fcltnefs, foon 
becomes dry, unlefs it be mingled with honey. 


(i # ) This is the celebrated purple of the antients, the 
preparation of which is now entirely loft, and the Ihcll-filh, 
from which it was obtained, unknown to the moderns. 
It is called alfo by the names of murex, conchylium, and 
purpuriflTum. 

Pliny, b. 9. ch. 36. gives a defeription of the fifh and 
the manner of preparing the colour: its hue, he fays, is 
like that of purple rofes; he diftinguilhes the conchy¬ 
lium as yielding a colour more dull and inclining to blue. 
Vitruvius fays this is the deareft of all colours j and 
Pliny, at b. 35. ch. 6. mentions purpuriflum alfo, as the 
deareft of all colours, deferibing it to be a cretaceous earth, 
faturated with a purple juice; and prefers the Puteolan 
to the Tyrian, Gctulian, or Laconican, becaufc it is firft 
dyed with hyfginum, ami then with the juice of rubia. 

But Vitruvius in the following chapter fays that that was 
the method ufed in making a factitious kind of purple. 


To reconcile thefe two authors therefore, we mud fuppofe 
that the juice of the filh was not ufed alone, but was ge¬ 
nerally combined with this cretaceous earth, and which 
might in fome cafes be previoufty dyed with the juice of 
rubia and hyfginum, to render the colour more rich or 
vivid. 

In Hawkefworth’s Account of the Voyage round the 
World by Captain Cook, mention is made of a kind of 
fhcll-fifh, which they took in latitude 12* 14 north, and 
longitude 2a 0 ic/ weft of London, of the fize of a fnail, 
floating in bubbles of a flimy matter, upon the furfacc of 
the fea ; and which upon being touched difeharged about 
a tea-fpoonful of a beautiful purple liquor, that would 
dye linen cloth. This might anfwer the purpofe of that 
of the antients, though it docs not feem to be the fame 
ftfli, not agreeing with the defeription given by Pliny. 
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CHAPTER XIV. 


Of other fa&itious Colours, 


n 

V./THER purple colours are alfo made by tingeing cretaceous earths with the juice of the 

1# *4/e 

roots of rubia and with hyfginum, as well as other colours, by the means of flowers. Thus 

• v 

the dyers, when they would imitate the Attic fil, put dried violets in a veflel of water, and 
boil them over the fire; when ready, they pour it in a cloth, and fqueezing this with the 
hands, receive the violet-coloured water in a mortar, to which adding the Eretrian earth, and 

3 * 

grinding it, they produce the colour of the Attic fil. 

4 * 

In the lame manner, preparing vaccinium and mixing milk therewith, they make a 
fine purple. Alfo where chryfocolla cannot be procured on account of its dearnels, they 

5 * 

tinge ceruleum with the herb called luteum, which makes a molt verdant colour. Thefe 
are called infective colours. Likewile when indicum is wanting; with felinufian or anu- 


(1*) Rubia is that plant we call madder. 

(2*) It is not certainly known what is meant by hyf- 
ginum ; but as Vitruvius fays it was ufed in conjunction 
with rubia (which gives a red tinge) for making a purple 
colour, it muft be fuppofed that it yielded a blue colour, 
and is thought to be the.plant wc now ca || W oad. 

0 

(3*) Pliny, b. 33. ch. 13. fays, they imitated ceruleum 
5 n this manner, as noticed at the nth chap, foregoing. 
The Attic fil is generally allowed to be of a yellow colour, 
and to be that which we call yellow ochre; for Pliny ob- 
ferves that it was ufed for the light parts of pictures, and 
alfo, that being burnt, it became of the colour of preflum 
or Syric fil, which he deferibes to be of a rudely hue, as 
yellow ochre when burnt becomes. 

If then the Attic fil be yellow, and ceruleum blue, how 
the fame preparation, of the juice of violets and the 
white Eretrian earth, fhould imitate thofe different co¬ 
loured fub ft antes, is cliff cult to be accounted for, other- 


wife than by fuppofing that the violets ufed in the two 
different proceffes were of different forts and hues. This 
indeed may have been the cafe; for it is thought the an- 
tients included by that name feveral forts of flowers, to 
which the moderns give other names; and Pliny, b. ai. 
ch. 6. deferibes three forts of violets, the purple, the 
yellow , and the white. 

The Eretrian earth, Pliny, b. 35. ch. 16. fays, is of 
two forts, white and grey, and that it took its name from 
Eretria, a city of Euboea; and that a line drawn there¬ 
with on copper, appears of a violet colour. . 

(4*) Vaccinium is alfo unknown; fome have fuppofed 

it to be the privet, others the blackberry : Perrault thinks 

% 

it to be the glaftumor woad ; and Galiani, the hyacinth: 
Piofcorides fays it produces a purple flower. 

(5*) Luteum, or lutum, is the plant weld, which af¬ 
fords a yellow tinge; this being mixed with the blue of 
ceruleum, makes a green, which is the colour of chryfo¬ 
colla, ns obferved at ch. ix. foregoing. 

P 
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larian chalk and glafs, which the Greeks call yalon , they make an imitation of the colour 

6 * 

indicum. 


In this book I have written what I could recolleft concerning the colours for painting, how 
they ought to be ufed to be durable, and of their relpe&ive qualities. In feven books, there¬ 
fore, are contained all the rules relative to the perfe&ion and convenience of buildings. In the 
following I lhall difcourfe concerning water, how it may be found, and conduced to the places 
where it may be wanted, and how to try whether it be good and wholefome. 



(6*) Pliny, b, 35. ch. 6. relates the fame manner of 
imitating indicum, which he fays appears black when 
pounded, but when diluted, it partakes of the colours of 
purple and cerulcum : this colour is proved by burning 
itj for if it be pure, it yields a purple flame, and the 
irnoke fmells like the fea. Anularia, he fays, is white, 
and is made of chalk, mixed with the glafly gems from 
the rings of the common people, whence it was called 
anularia . 

The felinufian earth, he fays, b. 35. ch. 16. is of the 
colour of milk, and eaflly diflolves in waters mixed 
•with milk, it is ufed to whiten plaftering. 

Vitruvius mentions armenium at the 5th chapter fore¬ 


going, but has not dcfcribed it. It may not therefore be 

improper to give Pliny's account of it. At book 35. 

% 

ch. 6. he fays, (C Armenium is a ftone which comes from 
“ Armenia, is ftained in the fame manner as chryfocolla, 
ft and partakes of the colour of ceruleum, but is a little 
“ lighter." 

The Armenian ftone is now found in Germany, is of a 
fine blue colour, and differs very little from lapis 
lazuli, of which the moderns make that excellent blue 
colour, called ultramarine; except that the former, inftead 
of being fpotted with gold, as the latter is, has fyecks of 
a green colour. 


END OF THE SEVENTH BOOK. 
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BOOK THE EIGHTH. 


I 


PROEM. 

a 

nr 

p HALES the Milefian maintained that water was the principle of all things ; and Hera¬ 
clitus, fire; the priefts of the Magi, water and fire; Euripides, a difciple of Anaxagoras, 
whom the Athenians call the icenic philofopher, air and earth, which latter being impregnated 
by the rain from the heavens, produced men, and all other animals in the world ; and as 
from this they originate, fo, when they are diflfolved by the courfe of time, they return 
thereto again : thofe alfo which are produced from air, return to the region of air, nor can 
they be annihilated 5 but being only transformed by their diflolution, they revert to the lame 
ftate in which they before exifted. 

But Pythagoras, Empedocles, Epicharmus and other naturalifts and philofophers, affirm that 
there are four principles, air, fire, water and earth; and that the union of thefe, by their natural 
configuration, produces the qualities of the different kinds of things. We may obferve allb, 
that all things are not only produced thereby, but that without their aid, they cannot be 
nouriflied, nor grow, nor be preferved : for the body cannot exift without an abundance of 
air, the influx of which occafions the continual infpiration and expiration; nor without a due 
proportion of heat in the body, will the mind maintain a due firmnefs, or the food be pro¬ 
perly digefted : fo alfo if the members of the body be not nouriflied by the fruits of the 



I 
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earth, they become weak, becaufe they are deprived of the mixture of the element of earth3 

* 

and if animals were without water, they would become languid and withered, from the want 
of that element. 

% ■ 

% 

\ 

The divine Mind therefore has not made thofe things which are neceflary to mankind 

6 

* 

fcarce and difficult to be obtained, as are pearls, gold, filver, &c. which neither the body nor 

* 

nature require 3 but thofe without which the lives of mortals could not be preferved are 
placed ready at hand throughout the whole earth: thus, the body requires good air3 
the air defiined to that purpofe affords it the heat of the fun and of culinary fire, 
which give warmth, and render life more comfortable. The produce of the earth af¬ 
fording a fuperabundance of food, fupports and nourifhes the animals continually feeding 
thereon 3 and water not only for drink, but for a number of other neceflary purpoles, as 
agreeable as it is plentiful, fupplies our wants: wherefore the priefts, who perform the rites 
of the ^Egyptians, teach, that all things confift of water 3 and when they cover the vafe of 
water, which is conveyed to the temple with great devotion, they proftrate themfelves on the 
earth, and with hands raifed toward heaven, return thanks to the divine goodnefs for its 

i 

prod udfion. 




Of the Manner of finding Water. 


A . ■ 

S therefore it is thought by naturalifts, philofophers and priefts, that all things confift: 
of water 3 and as in the foregoing feven books, the principles of building are explained, I 
think it proper in this book to write of the means to be ufed in finding water 3 the qualities 
it may have from the different natures of places 3 in what manner it may be conducted, and 
how it may be tried, it being fo highly neceflary for our exiftencc, as well as pleafurc and 
daily ufe. 


If there be open running fprings, the work is eafy 3 but if not, it mu ft be fought where it is 
collected under the earth, which may be done thus : before fun-rife, lying proftrate on the 

place where it is required, and fixing the chin on the earth, look forward, for the chin being 

1 
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fixed, prevents the fight from wandering higher than is needful, and confines it to the level 

# 

of the place ; then in tho/e parts where vapours are fecn gathering and riling into the air, 
there dig* for this fign cannot be in dry places; 


^ • * i « t .' • *1 . 1 .. m * 

In feeking for water, the nature of places is to be coniidcred ; for there are fome in which 
it is colle&ed : in clay it is in little quantities, lhallow, and not of the bell tafte ; in ioofe 
land allb there is but little. If it be found in low places, it will be muddy and ill tailed $ 

k 

but in black earth are found little rills and itricklings, produced by the winter rains, which 
colled! and fettle in compact and hard foils : theife have the beft tafte. In gravel there is but 
a moderate quantity, and the fprings are not certain, but it alfo is of a good flavour: in the 
mafculine, common, and carbuncle kinds of fetid, it is certain and conftant, and is withal of 

a good tafte : in red ftone lolls it is good, and is plenty, if it do not ooze through the pores 

/ 

and wafte: at the bottom of mountains, and among flint-ftones, it is more copious, and is 
colder and more wholefome. The felt, grofs, and warm iprings of the open country, are not 

% f 

good, excepting thofe from Mountains, which, flowing under the earth, break forth again in 

v 

the plains, and where the flielter of trees gives them the agreeablenefs of mountain Iprings. 
Other figns, belides thofe above written, of the kinds of earth under which there is water, are 
thefe : the growing of the llender bulrulh, the Wild Willow, the alder, reeds, ivy, and others 
of a fimilar kind, which cannot grow or thrive without humidity; thefe ufually grow near 

4 

lakes, which being lower than the other parts of the country, receive the rain water and floods 
of winter, arid by their concave form retain the water a long time: but thefe figns are not 
to be trufted to, except in thofe countries and lands (not in lakes) where they have not been 
planted, but have naturally grown of themfelves. 


In places where there are no fuch indications, the following experiments are to be made: 
A hole is dug three feet wide each way, and at leaft five feet deep, and therein, about the time 
of funfet, is placed a bafon of brafs, or lead, or earth, whichever may be ready : this being 
anointed with oil on the infide, is turned upfide downward, and the top of the pit is clofed 
with reeds or branches, and then covered with earth ; the next day it is opened, and if any 
drops or moifture be found in the vafe, that place has water. Alfo, an earthen veflel un- 
burnt, being put in this pit, covered in the fame manner, if the place have water, it will, 
when uncovered, be found moiit, and be foftened by the humidity. A fleece of wool alfo 
being laid in the pit, if on the following day water can be prefied out of it, fhews that the 
place has water. So if a lamp, prepared with oil, and lighted, be put in the place, and covered, 
and the next day he not exhaufted, but fome of the oil and wick remain, and is wet, it is a 
fign the place has water, for heat always draws moifture to itfelf; and if fire be made in the 
place, and the heated earth fends forth cloudy vapours, the place has water. 

Q_ 
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When thefe experiments have been made, and the above-mentioned ligns perceived, then a 

— 

9 

well is to be funk on the fpot; and if a fpring of water be found, many more may be dug 
thereabout, and, by means of trenches, the water of all conduced to one place. Thefe fprings 
are chiefly to be fought for on mountains, and on the northern fides j for in fuch places they 
are fweeter, more wholefome, and in greater plenty, being averted from the courfe of the fun ; 
and in thole places, the trees and fhrubs grow in greater abundance ; the mountains them- 

felves, by their fhadows, preventing the rays of the fun from ftriking dire&ly on the earth, 

# 

and exhaling the moifture: the valleys alfo among the mountains receive the greater part of 
the rain, and the herbage is there more abundant: by the lhades of the trees and the 
mountains, the fnow is pTeferved a longer time ; this melting, drains through the pores of the 
earth, and runs to the loweft roots of the mountain, from whence ilTuing, it becomes the 
lource of rivers. 


On the contrary, in the open country there cannot be much water, or if there Ihould, it 
cannot be wholefome; becaufe the heat of the fun, for want of ihade, exhales the humidity 
from the plain fields : and even if water Ihould be apparent, the air attracts and diflipates 
in the lighteft, thinneft, and mod fubtile parts, leaving thole which are the heavieft, hardeft, 
and moll unwholefome, remaining in the fpring. 




Of Rain Water and its Qualities. 


TH E water therefore collected from rains is the moft wholefome, becaufe it is the 
lighteft and moft fubtile parts, taken from all receptacles of water ; then by the motion of 
the air it is purified, and being condenfed by the weather, defcends upon the earth : but it 
rains not fo frequently in champaign countries as on mountains, or near mountains; becaufe 
the vapours that afeend from the earth in a morning at fun-rife, whichever way they incline, 
thruft forward the air, impelling the vapours before them, and caufe the gales and increafing 
blafts of wind. 

i 


By the winds, on whatever direftion they move, the condenfed vapours riling from 
fprings, rivers, lakes and the fea, by means of the heat of the fun are abforbed, and thus raifed 
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aloft in clouds ; thefe then floating in the waves of air, when they arrive at mountains, being 
prefled by them and the wind, on account of their groflhefs and denfity, are difperfed in 
drops, and fo defeend upon the earth. 

* 

That vapours, clouds and exhalations, arife from the earth, this feems to be the realon : 
the earth has within itfelf intenfe heat, much cold air, and great bodies of water; from this, 
when cooled by the night, vapours iflue during the darknels, and clouds rife from the damp 
places; then the riling fun ftriking on the globe of the earth, the air heated thereby raifes the 

9 

9 

vapours with the dew: of this the baths afford an example; for fome of the vaulted ceilings 
of the Coldaria yield water like fprings ; the air which is there being warmed by the heat of 
the fire of the furnace, abforbs the water from the pavement, carries it with itfelf to the 
ceilings, and there fuftains it ; for heated air always forces itfelf upward : at firft it does 
not delcend on account of its rarity ; but as foon as, by the addition of more vapour, it has 
acquired body, it, on account of its gravity, can no longer be fupported, but falls in drops on 
the heads of thofe who are bathing. 

i 

9 

For the fame reafons, the air of the atmofphere, when warmed by the fun, extra&s the moifture 
from all places, and gathers it into clouds ; for the earth when heated ejedls vapours, as the 
bodies of men when warm emit fweat. The winds are alfo proofs of thefe things; for thole 
which come frorii the coldeft parts, as feptentrio and aquilo, blow pure and dry air; but 
aufter, and others that come from under the courfe of the fun, are humid, and always bring 
rain ; for being heated by the torrid regions as they come, they imbibe vapours from all the 
countries in their way, and pour them upon the northern regions. 

,That this is fo, is evinced from the fources of rivers, according as delineated on the map of 

• * 

the earth, and as deferibed for the moft part, and generally being found to arile in the 
northern parts : and firfi; in India, there are the Ganges and Indus, which fpring from mount 
Gaucafus ; in Syria, the Tygris and Euphrates ; in Pontus alfo in Alia, are the Boryfthenes, 
Hypanis and Tanai's; in Colchis, the Phafis; in Gaul, the Rhone; and in Belgia, the 


(i*) Thefe rivers are in that part of Afia called Afly- 
ria, which, with Caclofyria, Leucofyria and Syria proper, 
were oftentimes included under the general name ©f 
Syria. 

(2*) Neither of thefe three rivers are now deemed to 
be in Pontus, or even in Afia, according to the modern 

4 


geography* but in Europe, the Borylthenes being that 
now called the Nieper; the Hypanis, the Bog; and the 
Tanai's, now die Don, dividing Europe and Afia. Vitru¬ 
vius however repeats this in two other places, the firft at 
the 7th chapter of the 7th book, and again, further on in 
this chapter. 

Pliny alfo, in his Natural Hillary, b. 11. chap, 36. 
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Rhine ; fbuthward of the Alps are the Timavus and the Po ; in Italy, the Tiber $ in Mau* 
rufia, which we call Mauritania, the Dyris, which fprings from mount Atlas, rifing in the 

northern parts, and running by the weft to the lake Eptabolum, where changing its name, il 

* 

* 

is called the Niger ; then from the lake Eptabolum it flows under defart mountains toward 

% 

the fbuth, and enters the marfh Coloe, which furrounds Meroe in the fouthem kingdom of 
Ethiopia; from this marfh, turning by the rivers Aftafobam and Aftaboram, and feveral 
others, it comes through the mountains to the Catara<fts, down which precipitating itfelf 
- northernly, it pafles between Elephantis and Syene, and the Theban fields in Egypt, where it 

♦ 

is called the Nile. That the head of the Nile rifes in Mauritania is chiefly known, bccaufe 
on the other fide of mount Atlas there are alfo fbme heads of rivers which run into the 
Weftern Ocean, and in which are bred the ichneumon, the crocodile, and other beafts and 
fifh of a fimilar kind, as well as the hippopotamos. 

As therefore all the great rivers are, according to the map of the earth, found to flow from 
the north, and the country of Africa, which is in the fouthern parts, under the courfe of the 
fun, has its moifture concealed within, and has very few fprings or rivers, it argues that the 
fprings which rife to the north, or north-eaft, are much the beft, except they fhould happen 
to pafs through fulphureous, aluminous or bituminous foils ; for in that cafe they will be 
changed, and will become warm ; or if cold, will have an ill fmell and tafte; for it is not 
the natural property of any water to be warm: but when cold water runs through hot foils, it 
effervefees, and, thus heated, iffues out of the pores of the earth ; but it does not long continue 
warm, but foon becomes cold, which were it naturally warm would not happen: the tafte, 
fmell and colour, however, are not reflored, the water on account of the purity of its nature 
remaining mixed and difcoloured. 


mentions the river Hypanis being in Pontus : thefe au¬ 
thorities therefore, joined with the confederation that the 
antients were well acquainted with that part of the world, 
favour an opinion that, according to the antient geo¬ 


graphy, Pontus, and perhaps Afia, extended fo far as to 
include thefe three rivers, differing therein from the 
modern geography. 
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Of Spring Water, and its Properties, according to the Minerals it pafies 5 

9 

and of the Nature of various Springs, Rivers, and Lakes. 


_L HERE are fome hot fprings, however, the water of which is of an excellent tafte, and 
are fo pleafant in drinking, that the fprings of Camcena or Martia need not be defired : thefe 
are by nature produced in this manner; when, by the means of alum, bitumen, or fulphur, fire 
is kindled in the earth, and the foil is heated all around, the fervid vapour afcends to the upper 
parts, where, if there be any fprings of pure water, they are heated by the vapour palling 
through the pores, without having their tafte vitiated. 


There are allb fprings of cold water, of a bad fmell and tafte; thefe originate in the lower 
parts, pafs through hot places, and then, running a long courfe under the earth, arrive at the 
furface cold, but with their fmell, tafte, and colour, vitiated: fuch is the river Albula on the 

# 3* 

Tyburtine way, and the cold fpring in the Ardeatine lands, having the fame fmell as thofe 
waters which are called fulphurati. In other places alfo there are the fame : thefe, although 
cold, appear as if they were boiling hot ; the reafbn is, that having fallen from on high into 
places that were in a ftate of combuftion, the water and fire meeting together with great 
violence and noife, they have imbibed air, and being thus inflated by the virtue of the com- 
prefled air, they iflue bubbling from the fpring. 


Such waters as are not open to the air, but are confined by rocks or other obftacles, are 
forced by the power of the air, penetrating through the final! pores, to the fummits of hills ; 
but thofe who imagine there can be fprings fo high as the tops of the hills, when they dig a 
wide well, find themfelves miftaken : thus a brafs veflel, not quite filled, but being two thirds 
filled with water, and then covered, when heated by the fire, communicates the heat to the 


(i K ) The former of thefe fprings was in a wood near 
Home, without the gate of St. Sebaftian, antiently called 
Camoina, and afterward Capocna : the latter was one of 
the aqucdu&s of Rome, which took its name from the 
pi tutor Martins, by whom it was introduced j its fource 
was 36 miles from Rome. 



(2*) This river is by the road from Rome to Tivoli, 
and forms the lake now called Solfatara. 

(3*‘) Near Ardca, in the Campagna di Roma: this 
water, as well as that of the Albula, was formerly 11 fed 
for bathing. 
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water; and this, on account of its natural porofity, receiving ,a ftrong inflation from the heat, 
not only fills the veflel, but fwelling with the fleam, and railing the cover, overflows $ yet if, 

9 

by taking off the cover, the ebullition be expofed to the open air, it fubfides again to the 

/ 

fame place. In the fame manner, when fprings are confined by narrow places, the preffure 
of the air forces the water upward; but as foon as wider apertures are made, having vent 
by means of the porous quality of the fluid, it finks, and returns to its proper level. 

All hot fprings are therefore medicinal; for the water, being boiled with the before- 

mentioned minerals, acquires qualities ufeful in fome cafes $ the fulphureous fprings relieving 

% 

the diforders of the nerves, warming and extracting the vitiated humours of the body j the 
aluminous ftrengthening the members, of the body, when weakened by the pally or other 
diforders, and, through the open pores cherifliing the frigid parts by the contrary power of 
heat, relieve, and by repetition reftore them to their former healthy ftate: the bituminous 
are ufed in purging‘potions, to heal the inward diforders of the body. There are alfo cold 

I 

fprings of a nitrous quality, as thofe of Pinna, of Veftina, thole of Cutilia, and other places; 
potions of which purge the body, and palling through the inteftines, diminifh fcrophulous 
tumors. Where gold, filver, iron, copper, lead, and other fimilar fubftances, are dug, there 

are many fprings, but they are generally noxious, having qualities contrary to thofe of the warm 

* 

fprings, which emit fulphur, alum, or bitumen, and, when drank, palling through the veins, 
affeCt the mufcles and joints, hardening and inflating them ; fo that the mufcles being fwollen, 
contract in their length, and thus affiiCt men with the cramp, or the gout ; for the veffels 
become faturated with the hardeft, grofleft, and coldeft particles. 

There is a fort of water, which, when hot cleared enough by the pores, has a feum like 
a flower floating on its furface, in colour fimilar to purple glafs : this is chiefly obferved at 
Athens, where, from fuch kind of places and fprings, water is conducted to the refervoirs of 
the city, and of the port of Piraeus; but, on account of the quality, it is not drank, the inha- 
bitants ufing it only for wafhing and fuch purpofes, and, to avoid any ill effects, drink well- 
water. At Troezene the inhabitants cannot avoid this evil 5 for no other kind of water is to 
be found, unlefs they procure that of Cibdelus : in that city, therefore, all, or the greater 
part of the people are difordcred in their feet. 

At the city of Tarfus, in Cilicia, is a river called Cydnos, in which thole who have the 
gout, deeping their legs, arc relieved of the pain. There are alfo many other kinds that have 
peculiar qualities; as the river Himcra in Sicily, which, when difeharged from the fpring, is 
divided into two ftreams: that which runs towards iEthna, palling through a foil that con¬ 
tains a fwcet juice, is exceedingly fweet; and the other ftream, which flows through land from 
whence they dig fait, has a faliae tafte. 



BOO 


viir. 





At Parastonium alfo, near the road to Hammon, and from Cafium to ^Egypt, there are 
fenny lakes, which are lo faline, that the fait itfelf congeals on their furfaces ; and in feveral 
other places there are fprings, rivers, and lakes, which, by palling through fait mines, have 
neceflarily become fait: fome, flowing through unftuous earth, emerge mingled with oil, 
as the river called Lipar, near Solae, a town in Cilicia, in which thole who fwim or bathe are 
anointed by the water itfelf. There is a lake like wife in ^Ethiopia, that anoints the people 
who fwim in it; and one in India that emits a great quantity of oil in ferene weather. At 
Carthage there is a fpring, upon which fwims an oil that fmells like filings of citron wood ; 

which oil they ufe to anoint their cattle. In Zacynthos, and about Dirrachium and Apol- 

# 

Ionia, there are fprings which yield, with the water, a great quantity of pitch. 


The-vaft lake at Babylon, which is called Limne Afphaltis y has a liquid bitumen fwimming 
upon it ; with which bitumen and bricks Semiramis built the walls around Babylon. At 

r 5 * 

Joppa in Syria, and in the Arabia of the Numidians, there are immenfe lakes that emit large 
mafles of bitumen, which the inhabitants thereabout collet ; nor is this marvellous, for in 
thofe places there are many quarries of hard bitumen ; the waters therefore, ru filing through the 
bituminous foil, bring it with them, arid when they emerge out of the earth, detach it 
from them, and eje<ft it. In Cappadocia, in the road that is between Mazaca and Tuana, 
there is a lake, in which if reeds or other things be in part immerfed, and after a day be 
taken out, that part which was immerfed will be found petrified, while the other part, 
which was left out of the water, remains in its original ftate. So at Hierapolis, in Phrygia, 
there is a copious lpring of warm water, which is conduced in trenches around the gardens 
and vineyards; this in one year forms a cruft of ftone, which they take off yearly from the 
right and left fidcs of the trenches, and with it make the partitions of their fields : this 
happens naturally ; for in the country and foil where it is produced, there is a juice of a 
coagulating nature, which, when mixed with, and difcharged by, the water out of the earth, 
is, by the heat of the fun and air, fuppofed to be concreted in the manner obfcrved in fait- 
pits. 


Some fprings, owing to a bitter juice in the earth, are extremely bitter; as the river 
Hypanis in Pontus, which for about forty miles from the fource is of a fweet tafte; but 
when it comes to a place that is a hundred and fixty miles from its mouth, it is mixed with 


(4*) The temple of Jupiter Ammon in Egypt. 

( 5 *) A part of Arabia formerly poflefled by the Nu¬ 


midians, an African people inhabiting the fliore of the 
Mediterranean Sea, near Algiers. 
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a very fmall rivulet, which, flowing into it, caufes fo large a river to be bitter: for this rivulet 
palling through that kind of earth from whence fandarac is dug, is thereby rendered bitter. 
Thefe different taffes are caufed by the nature of the foil, as is obferved in fruits ; for if the 
roots of trees, vines, or other plants, produced not the fruits with the juices they receive from 
the earth, they muft have the fame tafle in all places and countries: but it is found otherwife ; 
for in the ifle of Lefbos is the wine call protyrum ; in Masonia, that called catacecaumentten j 
in Lydia, the meliton; in Sicily, the mamertinum ; in the Campania, the phalernum; in 
Terracina and Fundi, the csecubum \ and in innumerable other places many kinds of wine 
of different properties are produced, which could not happen, unlefs the juices of the earth 
infufed their peculiar qualities into the roots that nourifh the ftem, and thence afcend to the 
fummir, giving the feveral kinds of fruits a tafle peculiar to the place : and if the juices of the 
earth were not different and difilmilar, then not only in Syria and Arabia would the reeds, 
bulrufhes, and all the herbs, be odoriferous, and the trees yield frankincenfe, pepper, or 
myrrh ; nor would the ferula lafer grow only in Cyrene \ but in all parts of the earth, and 
in all places the fame kinds would be produced. 

Thefe varieties, in different countries and places, arife from the inclination of the earth's 
axis, and the influence of the fun, which affe&s the juices of the earth, according to their 
proximity to, or diftance from, its courfe : and thefe various qualities are obferved, not only 
in fruits, but alfo in fheep and oxen, which could not be fo differently affe&ed, if the pro¬ 
perties of the feveral countries of the earth were not influenced by the power of the fun ; for 
the rivers Cephifus and Cratis, in Lucania \ the Xanthus at Troy; and the fprings and 
rivers in the Clazomenean, Erythrean, and Laodicean fields, caufe the fheep that, in their 
breeding time, are daily driven to drink thereof (notwithftanding they may be white), to pro¬ 
duce their young, in fome places fpotted, in others of a brown colour, and in others black, 
the water, when in the body, communicating thereto its own peculiar qualities : becaufe, 
therefore, the oxen that are bred near a river in the Trojan lands are of a yellowifli colour, 

i 7 * 

and the lheep are fpotted therewith and white, that river is by the Trojans called Xanthus, 

Some kinds of water, by receiving a poifonous juice from the earth through which they 
run, are mortal ; as the fpring of Terracina, called Neptunius, of which whoever is fo im¬ 
prudent as to drink is deprived of life: for this rcafon, it is faid, the antients flopped it up. 
The lake near Cychros, in Thracia, by which not only thofe who drink, but alfo thofe who 


(6*) Suppofecl to be benzoin, or cite n (afoot id a. 
river is alfo called the Scamander. 



(7*) Which in Greek fignifics a yellow or orange colour. This 
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bathe in it, are killed. In Theflaly is a lpring that the cattle will never taflfcj nor will 

* ♦ . 

beads of any kind approach : near which lpring is a tree bearing purple flowers. In Mace- 

■ - 

donia, likewife, at the place where Euripides was buried, two rivulets concur, paffing on the 

right and left of the monument: near one, travellers, invited by the goodnefs of the water, 

% 

are accuftomed to repofe themfelves and dine: but the rivulet which is on the other fide 

of the monument nobody approaches, becaufe the water is laid to be poifonous. 

* 

A 

In Arcadia is d part of the country named Nonacrisy in the mountains of which are ft ones 
. from whence diftils an extremely cold water, called Stygos Hydor (water of Styx, or forrow); 
which neither filver, brafs, or iron veflels, can contain, for it penetrates through them, and is 
wafted : nor can any thing contain it but the hoof of a mule. It is related, that Antipater 
lent ibme of this water, by his fon Iollas, to the province where Alexander was, and with ft 
that king was poifoned. In the kingdom of Cottus in the Alps, is a water, which whoever 

taftes immediately dies. In Campus Cornetus, on the Falifcan land, by the Campanian way, 

• • 

is a grove, where iffues a fpring, in which are feen the bones of adders, lizards, and others of 
the ferpent kind. 

. ** 

Some fprings are of ati acid tafte; as thofe at Lynceftes, at Virena in Italy, at Theano in 
the Campania, and at many other places; potions of which have the quality of diflolving the 
ftones that form in the bladder of the human body : this may naturally happen ; for there is 
a (harp and acid juice in the earth, by which the water is rendered acrid; fo that when in 

the body, it diflolves thofe concretions that arife from the fediments of liquids, and caufe 

•* • 

9 

the pain. That acids will diflolve thefe things, may be known from this inftance : an egg 
being laid in vinegar a long time, its /hell will be foftened, and diftolved. Lead alfb, which 
is fo tough and heavy, being put in a vafe with vinegar, and clofe covered, will be diftolved, 
and converted to cerufe. By the fame means, brafs, which is of a yet harder nature, is cor¬ 
roded and turned to verdigrife. Pearls, and even flints, which neither iron or fire by itfelf 

% 

can affedt, being, when heated, fprinkled with vinegar, will break, and be diflolved. As 
thefe effedls, therefore, happen before our eyes, we may reafonably judge that acids, on 
account of their acrimony, may alfo by a fimilar operation diflolve the calculous concretions 
in the body. 

Some fprings there arc that feem as if they were mixed with wine; as one in Paphlagonia, 
which, without wine, intoxicates thofe who drink it. At Equicula in Italy, and among the 


(8*) This is generally allowed by the commentators fuch a place being known and mentioned by Pliny; 

to be an error, and is, from Budeus, corrected to Vclino, whereas Virena in Italy is not known. 
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nations of the Medulli in the Alps, is a kind of water that caufes the throats of thofe who 

drink it to be fwollen. In Arcadia is Clitor, a city not unknown, in whofe territories there 

% 

is a cavern, from whence iflues water that makes thofe who drink of it diflike wine. At this 

* 

c 

Ipring a Greek epigram is infcribed on a ftone, exprefling that it is not proper to bathe therein, 
it being inimical to the vine; for at this fpring Melampus, by facrificial bathings, cured of 
infanity the daughters of Prcetus, and reftored the minds of thofe virgins to their former ftate. 
The epigram is the following: 

O ! fhepherd ! who com’ft hither with thy flock 

To Clitor’s confines, preft with noontide thirft, 

* 

Drink of this fpring thou mayft, and all around 
Thefe Naiad nymphs, thy (haggy herd may reft:' 

But bathe thee not therein, wouldft thou efcape 
The ills its fumes intoxicating caufe. 

Flee this wine-hating fountain, where Melampus 
Bath’d and expurg’d the raving Prcetides 
From ev’ry latent taint j when erft he came 

# 9 

From Argos to thefe wild Arcadian hills. 


In the ifland of Chios is a Ipring that makes thofe who unawares drink of it foolifli; and 
here is engraven an epigram, lignifying that the water is pleafant to the tafte, but whoever 
drinks of it will have the fenfe of a ftone. The verfes are thefe : 

Sweet the cool drops, thefe bubbling waves difpenfe. 

But he who drinks will be a ftone in fenfe. 


At Sufa in the kingdom of Perfia, is a little fpring which caufes thofe who drink of it to 
lofe their teeth : here alfo an epigram is written, fignifying that the water is proper for 
bathing ; but if it be drank, it will extra# the teeth from their fockets. The verfes of the 
epigram are. 

Behold! O paflenger, this dreadful fpring! 

Thy limbs therein fecurely mayft thou bathe; 

But if the water thou prefum’ft to drink. 

So foon as it Ihall meet the pouting lips. 

Straight to the ground the mafticating teeth 
Fall, and forfaken leave their vacant fockets.o* 


(9*) In De Lact’s edition of Vitruvius, it is aflerted, 
that thefe epigrams were wanting in all the copies of Vi¬ 
truvius, till they were reftored thereto from the writings 
of Ifigonus; I have however fecn them in two very an- 
tient manuferipts of Vitruvius, in the Britifli Mufcum. 

ScveraJ of the fprings, here mentioned by Vitruvius, 

2 


are alfo mentioned by Pliny, 1 . 31. c. 2. Of that at Clitor, 
both authors, ns well as Ovid and others, fay, that the 
drinking of it caufcd a difguft to wine; whereas, the 
Greek epigram itfelf expreffes that it was bathing in ic 
which produced that cflc£V, and that ic might be fafely 
drank. 
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Of the Properties of fome Other Springs and Countries; 

/ 


T 


i 

HERE are fome Iprings which caufo thofe who are born near them to have excellent 
voices for finging, as at Tharfus in Magnefia,-and at other places. Zama is a city of Africa, 
which king Juba furrounded with a double wall, and there fixed his refidence. Twenty miles 
from this, is the town of Ifmuc, whole territories have an incredible extent: here, although 
Africa is the parent and nurfe of wild beafts and forpents, in the lands of this town none 

breed, and if conveyed there they foon die: nor does this happen only on the fpot; fgr if the 

% 

foil be carried to any other place, it produces the like effedh The fame kind of earth is laid 
to be alfo in the Balearic iflands. That country has like wife another wonderful quality, which 
I thus learnt: C. Julius, the fon of Mafinifla, to whom all the lands of the town belonged. 


was in the army with Casfar, the father : he ufed to be my gueft ; and at our daily meals, 
we occafionally difeourfed on philofophical fubje&s. Talking one time on the virtues and 
properties of water, he allured me, that in that country there were Iprings of fuch a kind as 
caufed thofe who were there born, to have excellent voices for finging ; and therefore they 
always lent beyond fea, to procure handfome Haves and maidens of a mature age, and mar¬ 
ried them together, that thofe who were born of them, might not only have excellent voices, 
but alfo be handfome in their perfons. 


Thus has Nature eftablilhed fo much variety in different things, that even in the human 
body only, which confifts partly of earth, there are many kinds of humours, as the blood, 
milk, lvveat, urine, and tears : if, therefore, in fo fmall a quantity of matter, fluids of fuch 
different properties be found, it is no wonder that in the vaft mafs of the whole.earth, there 
fliould be an innumerable variety of juices, through which the ft reams of water running, ar¬ 
rive tindtured therewith at their fources, and thus the differences of the climate, and different 
properties of the earth, produce the peculiar qualities of different fprings. 



Sec the ObfcrvAtions on the IVtfc of V'mnvins. 
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Of thefe things, fome I have myfelf feen, others I have found written in fundry Greek 
books, the authors of which are Theophraftus, Timoeus, Polidonius, Hegefias, Herodotus, 
Arifiides, and Metrodorus ; who with great care and ftudy have written of the properties 
of countries, the virtues of waters, and qualities of different regions, arifing from their dif¬ 
ferent climates. From thefe I have taken, and written, in this book, fo much on the varieties 
of water as I th ought fufficient; that men may by thefe rules readily choofe proper water 

to be conduced for ufe to the fountains of cities and municipal towns. For of all things, 

* 

none are fo neceflary as water; the nature of all animals being fuch, that if they be deprived 
of corn, yet by the fruit of trees, or flefh, or fiih, or by other foods, they may fupport life ; 
but without water, neither the bodies of animals, nor any kind of food itfelf, can grow, be 
preferved, or prepared : wherefore great care and attention is required that fuch fprings of 
water bechofcn as are falutary to human li/e. 



4 

CHAPTER V. 

/ 

Of the Means of trying the Goodnefs of Water. 

T 

JL RIALS and proofs of water may be thus made: If it be a running ftream, and open, 

before it is begun to be conduced, the people who live adjacent mult be obferved and 

* 

examined; and if they have ftrong bodies, are fre/h coloured, have not bad legs, nor fore 
eyes, it is a proof of the goodnefs of the water. But if it be a new ipring, let it be fprinkled in 
a Corinthian or other vafe, that is of good metal; and if it make no /pots, it is good. Alfo 
if the water be boiled in a cauldron, and when cold, and poured out, no fand or mud be 
found at the bottom of the veflel, it is a mark of its goodnefs. So likewi/e if pulle, boiled 
in the water, be quickly cooked, it /hews the water to be good and wholefome : and if the 
water in the fpring itfelf appear limpid, and clear; and where it pa/Tes, or runs, neither 
roofs nor rufhes grow; nor is the place defiled with any other impurity, but has a clean 
appearance; thefe art? figns that the water is pure and falubrious. 
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Water: and of 


that Purpofe. 



SHALL now explain the manner of conducting water to cities and habitations, in doing 
which, the firfl: bufinefs is levelling. 


Levelling is performed either by the dioptra, water level, or chorobates; but molt ac¬ 
curately by the chorobates, becaufe the dioptra and water level are liable to error. The 

chorobates is a ruler (A) about twenty feet long : this has ancons ( B ) at the ex- 

Fig. liXIII. 

tremities, made perfectly equal, and joined to the ends of the ruler at right 
angles; and having, between the rulers and ancons, fixed by tenons, tranfverfe pieces {€) 
which have perpendicular lines marked thereon; and perpendicular pendents (D) are fuf- 
pended from the ruler, one at each end; which, when the ruler is placed, if they equally 
coincide with the lines deferibed, {hew it to be fituated level: but in cafe the wind {hould 
difturb the firings, fo that they cannot give a true indication, then having a groove (£) in the 
upper part, five feet long, one digit broad, and a digit and a half deep, water is to be poured 
therein ; and when the water equally touches the upper edge of the groove, it {hews it to be 
level; fo that by the chorobates, when thus levelled, the quantity of the defcent may be 

1* 

known. 


(1 *) The forms of the dioptra and water level of the 
anticnts are now unknown ; nor is that of the chorobates 

I 

to be known with certainty from this defeription. The 
idea of it that occurs to me is different from that of the 
other tranflators: I do not perceive that the defeription 
authorifes the making it a kind of cafe, or double frame, 
of timber work ; which nuift be very heavy and incon¬ 
venient to move. I differ alfo in judging that the ruler, 
on account of its great length, fliould be fituated edge¬ 
ways, in order to prevent its bending in the middle; 
which a ruler of 20 feet, if placed flatways, mull in time 
do, unlefs made cnorinoufly thick. 

Perrault remarks, that the tranfverfe pieces arc faid to 
be put between the ruler and ancons {biter rcgulam on- 
cones a cordhiibus com putt a tronfverfaria) j and that, as the 
ruler and ancons join, there cannot be any thing between 


them ; but the word inter is fometimes ufed by Vitruvius 
to fignify the fpace within, and circumcluded by the parts 
named; as is obferved at the 21ft chapter of the iorh 
book : in the prefent cafe, it evidently muft have fuch a 
meaning; importing that the tranfverfe pieces arc fituated 
fomewhere within the fpacc, circumcluded by the ruler 
and the ancons, or that they in fonie way pafs from one 
to the other. Thefe reafons have led me to imagine 
that the tranfverfaria may join both thofe members in the 
manner of braces, CC, Fig. LXIII. fuch braces being 
highly ufeful, if not nccelfary, for holding the ancons in 
their true reftangular pofition, as well ns for (lengthening 
the ruler in the middle of its length. In this, however, 

I pretend not to certainty; it is only an idea, different 

^ ♦ • 

from the common one, fubmirted to invrfiigntion, 


T 



V I T R U 



Perhaps thofe who have read the books of Archimedes, may fay, that a true level cannot be 

w 

obtained by water ; becaufe he fuppofes water not to be level, but to have a fpheroidal curve, 

♦ 

the center of which is in the fame place with that of the earth : but whether the water be 

flat or fpherical, the extremities of the groove of the ruler muft equally fuftain the water j for 

% 

if one end declines, the water will not touch the upper edge of the groove of the ruler at 
the higher end ; fo that notwithftanding the water may have a fwelling and curvature in the 
middle, yet the ends on the right and left muft, with regard to each other, be on a level. 
The figure of the chorobates will be defcribed at the end of the book. If the defcent is 
great, the eafier the water may be conducted \ but if the interval fhould be concavous, recourfe 
muft be had to fubftrudtion. 




Of the Manner of conducing Water. 


D - 

UCTS of water are made of three kinds ; channels of mafonry, leaden pipes, or tubes 
of fidlile ware : of which thefe are the rules. 

If channels be ufed, they fhould be as folid as poffible, and the bed of the ftream fhould 
have a defcent not lefs than half a foot in a hundred feet. They alio fhould be arched over, 
that the fun’s rays may not touch the water. When it arrives at the city, a caftellum is 
built, and a triple emiflary to receive the water is adjoined to it. In the caftellum are three 
pipes equally difpofed within the adjoined receptacles, fo that when there is too much water, 
it may, from tl.e fide ones, be difcharged into the middle receptacle. Then in the middle 
one, are fixed the pipes leading to all the citterns and fountains; in another, thofe to the 
baths, which pay to the people a yearly tribute ; and in the third, thofe to private houfes, 
if it be not wanted for public ufe : for they could not return it, if they might have peculiar 
du£ts from the fpring head. The rcafon why this difpofition is eftabliflied, is, bccaufe by 


(r*) The receptacle, or refervoir, was called cfljlellum, the ruins of feveralof which dill remain in and near Rome. 
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the tax on thofe which are carried to private houfes, the public officers keep the aqueduCis 
in repair. 


But if there fhould happen to be mountains between the city and the fpring head, the work 
muft be thus ordered: A fubterraneous paflage is to be dug through the earth, having the 

i 

defeent before written ; then if the foil be either gravel, or ftone, a channel is to be cut 

therein ; but if it fhould be earthy, or fandy, walls, with arches, are to be built in the paflage, 

and by that means the water conduced. Wells alfo are to be there made, fo that between 

3 * 

every two there may be an aCtus. 


If the water be conducted by leaden pipes, a caftellum is firft built at the fpring head : 
then, the lamina of the pipes being fuited to the quantity of water, thefe pipes are laid from 
this caftellum to that which is in the city. The pipes fhould not be lefs than ten feet in 
length, each of which, if they be centenarian, fhould weigh 1200 pounds; if octogenarian, 
960 pounds ; if quinquagenarian, 600 pounds; quadragenarian, 480 pounds; tricenariae, 360 

1 

pounds; vicenarian, 240 pounds; quinumdenan, 180pounds; denan, 120 pounds ; odtonan, 96 
pounds; and quinarian, 60 pounds. For from the number of digits contained in the 

0 

breadth of the lamina before it be bent round, the pipes receive their names : thus, when a 
lamina contains fifty digits, the pipe that is made with it is called quinquagenaria; and fb 
of the reft. 


This manner of conducting water by pipes of lead is thus regulated : If the fpring head 
liave a fufficient current to the city, and there be no higher mountains between, that may be 
an impediment, the interval is, by walling, railed to the proper level, as mentioned in the 
defeription of channels ofmafonry ; or elfe a circuit round may be taken, if not very long : but 
if there be frequent valleys, the courfes are to be directed down the declivities, and when ar- 


(2*) Putei is the word of the text, here rendered wells j 
they are fuppofed to be air-holes, cut through from the 
top of the mountain to the fubterraneous paflage, for 
the purpofeof giving vent to wind, or vapours which may 
arife from the water. 

(3 W ) An a< 5 tus is an hundred and twenty feet. Per- 
rank and Galiani, thinking the diftance of an a£Uis be¬ 
tween the wells to be lefs than is ncccflary, fuppofc that 

4 


the number is, by miftake, omitted after the word a&us, 
the rather as the text has fmt aRus y where, if it were 
Angular, it fhould have been written fit a ft us. Upon ex¬ 
amining five manuferipts, I found they all agreed in 
having./?/ aft us, not fmt, as in the printed editions: and 
one in the Vatican,' here quoted by Galiani, has alfo the 
fume reading 5 fo that it feems probable, one a£tus only 
is to be underflood ; notwithflanding, the wells may be, 
in this cafe, nearer together than feems to us neceflluy. 
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rived at the bottom, a fubftrudture is to be built, but not high, that the libramentum may be 

♦ 

as long as poflible. This will be the venter, which the Greeks call koilian . When arrived 

/ 

at the oppofite declivity, as, on account of the length of the venter, it (the water) fwells 

gently, it is prefled upward to the top of the afcent; whereas, if a venter fhould not be 

made in the valley, nor a fubftru&ure built level, but fhould be bent, the joints of the pipes 

. s * 

would be broken and deftroyed. In the venter, alio, columnarias are to be railed, through 

which the force of the vapours may be diflipated: thus, thofe who would conduct water by 

leaden pipes, may by thefe rules eafily execute the decurfions, circumductions, venters, and 

6 * 

expreflures. 


It willalfo not be unufeful, when the level from the Ipring head to the city is obtained, to 
ereCt a caftellum at every two hundred aCtus diftance, that if damage mould happen at any 

place, the whole work need not be taken down, and that the defective place may be the eafier 

% 

found ; but thefe caftellums fhould be built, neither in the decurfions, nor in the plane of the 
venter, nor in the expreflures, nor in any of the valleys, but always on the even plane. 


(4*) The general fignification of this word is that of 
level, counterpoife, balance, weight, &c. Vitruvius 
fometimes ufes it to exprefs that declination from the 
exaCt level which is neceflary to give a proper current to 
the water. It feems here to fignify all that part of the 
aqueduCt which pafles down the declivity. 

(5*) The columnar^ arc probably vent pipes; for 
Vitruvius fays they are to give vent to the vapours that 
may be confined with the water in the pipes; a pre¬ 
caution he has feveral times before mentioned. Their 
names induce a belief that they were perpendicular tubes, 
like columns, which, being always open at the top, 
mult have been fo high, that their tops might be above 
the level of the aqueduCt; for otherwife the water, 
always preferving its level, would run out at thefe vents, 
inftead of paffing along the aqueduct. 

(6*) By this word, which is written cxprejfus in the 
text, is probably to be underftood that part of the aque¬ 
duct where the water rifes, or is raifed, upward by the 
weight or prefiure of the defeending water. For Vitru¬ 
vius has mentioned no other prefiure or power made ufe 
of for raifing the water, nor indeed is any other power 
neceflary in thefe cafes, where the water, being inclofcd in 
pipes, will naturally rife again to the fame height from 
which it defeended. 



This chapter may ferve to remove that erroneous 
notion which fome people have conceived, viz. that the 
antients were ignorant that water confined in tubes 

will rife again to the fame level from which it defeended, 

% 

and which they infer from confidering the great cxpence, 
labour, and time, their walled aquedu&s mull have coif, 
when the end might have been anfwered lo much eafier 
and cheaper by any kind of pipes. It is here fufficiently 
evinced that the antients were well acquainted with this 
property of water, and that they fometimes made ufe of it. 
Pliny, b. 31. ch. 6. alfo exprefsly mentions it. 

Health was probably the motive for preferring the 
walled aqueduCls, and for avoiding leaden pipes. Vi¬ 
truvius mentions hereafter that the water pafling through 
fuch pipes was not deemed wholefome, on account of ics 
imbibing fome particles of the lead : and though this ob¬ 
jection will not be valid againft earthen tubes, yet they 
might not be confidered as fulficicntly fubflantial, and 
even capacious, to be depended on for fupplying a great 
city with the rivers of water daily uftd and wafted ; 
efpecially in cafes where the water was to be brought 
from places many miles diftant. 


(7*) If on aCtus is to be reckoned 120 feet, then 200 
aCtus will equal 24,000 feet. Galiani has written 4000 
feet, omitting 20,000,1 fuppofc by miftakc, and it is not 
corrected in the errori. 
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But if it be required to conduct water with lels expence, it mud be done thus : Tubes of 
earthen ware are made, having coats not left than two inches thick; and thefe tubes are fo 
made, that one end being tongued, the one may enter the other; then the joints are cemented 
with quicklime tempered with oil ; and in the delcents level with the venter, a {tone of the 
red kind is placed at the angles, fo perforated, that the laft tube of the decurfus, and firft on 
the plane of the venter, may be joined to the ftone. So likewife at the oppofite acclivity, the 
laft in the plane of the venter, and the firft of the expreflure, are to be in the fame manner 
united to the red ftone. 

Thus the tubes on the even plane, as well as thofe in the decurfus and expreflure, will not 
be ruptured j for fuch violent vapours are apt to arife in conduits of water as would even 
burft through ftone, unlefs the water was, at firft, gently and fparingly admitted from the 
ipring, and the bendings fecured with ligatures, or weights of ballaft. In all other refpedts 
they are laid in the fame manner as leaden pipes. When firft the water from the fpring is 

0 

admitted, afhes are fent before it, that if any of the joints fliould not be fufficiently cemented, 

$ 

they may be flopped by the afhes. 

0 

Aqueducts of tubes have thefe advantages: firft, with regard to the work, if any damage 
fliould happen, any perfon may rectify it; and then alfo, the water from earthen tubes is 
more wholefome than that from pipes, as lead is found to be pernicious for from it is made 
cerufe, which is faid to be hurtful to the human body ; and if that which is made from it is 
noxious, there is no doubt but that itfelf is alfo unwholefome. This- is exemplified by the 
workers of lead, whofe bodies are of a pallid colour : for when they are melting the lead, the 
vapour of it fettling on their limbs, and the whole day fcorching them, extradls from the 
members the juices of the blood. We therefore fliould not conduct water in pipes of lead, 
if we would have it wholefome ; the tafte alfo of that from tubes is better, as is proved at 

our daily meals ; for all perfons, although they have tables furnifhed with vales of filver, yet 

* 

ufe fidtile ware on account of the purity of the tafte. 

* 

But if there be no fpring from whence we may make an aquedudt, it is neceflary to dig 
wells; and in digging of wells, reafon is not to be difregarded, but the nature of things is with 
great attention and judgment to be confidered. For the earth generates in itfelf many and 
various fubftances ; it is in fa£t, like other things, compofed of the four elements ; and the 
firft is itfelf, earth ; from moifturc it has fprings of water ; alfo heat; from whence come 
fulphur, alum, and bitumen : and air, whence the prodigious vapours, which, when con- 
denfed, pierce through the intcrftices of the earth to the apertures of wells, and difturb the 
men who may be there digging, obftrudting, by the natural vapour, the breath of their 
noftrils; fo that whoever docs not fpcedily fly, there dies. The means by which this is to 
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be avoided are thefe : A lighted lamp is to be let down ; and if it remain burning) you may 

% 

defcend without danger ; but if it be extinguiflied by the ftrength of the vapour, then ad- 

8 * 

joining the well, on the right and left, zeftuaria are to be dug, that the vapour may be difli- 
pated through the aeftuaria, as through noftrils. When this has been done, and the water 
obtained, then the well may be encompafled with a wall, in fuch a manner as not to obftrud: 
the ipring. 

But if the place fhould be hard, or no lpring fhould be found at the bottom, then by the 
means of fignine work, the water from roofs, or high places, muft be preferved. In fignine 
works thefe 'rules are to be obferved : firll, the pureft and rougheft fand is to be provided; 
the cementum muft be of flint ftones broken, fb as not to weigh more than a pound; and 
the lime muft be the moft ardent. It is fb mixed in the pit, that five parts of fand may 

9 * 

correfpond to two of lime: the cementum is to be added in the pit: with this the walls of 
the well, as low as it is funk, are, by the help of wooden levers armed with iron, to be 
plaftered. The walls being plaftered, the earth that may be in the middle is to be taken 
out quite to the bottom of the walls, and the ground being levelled, the pavement is to be 

laid with the fame mortar, to the thicknefs intended. If thefe places be made duple, or 

& 

triple, fb that the water may be filtered in palling through them, it will be rendered more 
wholefome ; for when the mud it may have fubfides, the water becomes the .clearer, and 
preferves its tafte untainted : if this be not done, it will be neceflary to add fait, in order to 
clarify it. 

Of the qualities and varieties of water, with its ufes, and the means by which it may be 
conducted and examined, I have as well as I am able written in this book. The principles of 
dials and horologia I ftiall deferibe in the following. 


(8*) If thefe xftuaria were mere holes, the vapour 
could as well be difeharged through the mouth of the pit 
as through them; they might indeed haften the evapora¬ 
tion, but not fo much as to be equivalent to the labour 
and time of digging the holes, or as could be done more 
fpeedily by other means at the mouth of the well itfelf. 

( 9 *) Signinum is noticed at b. 1. ch. 4. where I have 
obferved that I thought Galiani had mifupprehended this 
paflage j but I muft, in juft ice to Galiani, acknowledge that 
I was myfclf miftaken. 

Pliny (35. 12.) fpcaking of Signinum, fays it was com- 


pofed of lime and the powder of tiles or bricks. At 
book 7. ch. 4. fuch a kind of mortar is mentioned by 
Vitruvius, and directed to be ufed in damp fituations : 
the words are arenato tejla , which fignifies a compofition 
of Jime, fand, and powder of bricks or tiles. And at 
b. 5. ch. 11. he fays, that the feats in the xyfti, which 
were open places, and confequently liable to be damp, 
were formed of figninum. 

The term figninum is fuppofed to be derived from 
Signia, a town of Italy, where it may have been firft ufed, 
or invented. 
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Th E renowned athlete who conquered in the Olympian, Pythian, Ifthmian, and Ne- 
mean games, were fo highly honoured by the antient Greeks, that they not only in the 
aflembly, adorned with palms and crowns, were applauded; butalfo, when they returned 
vi&orious to their own cities, they were carried in triumphant quadrigae through the fortifi¬ 
cations, and all their life enjoyed an eftabliflied provifion from the public. When I con- 
fider this, I wonder that the fame, or greater honours are not beftowed on thofe authors 
whofe works are continually ferviceable to the whole world ; for they are more worthy of 
fuch inftitutions, fince the athletas render Itronger by exercife their own bodies only ; whereas 
authors improve not only their own minds, but all others, by preparing books and precepts to 
enlighten the underftanding. For what advantage accrued to mankind from Milo the Cro- 
toniat being unconquercd, or from others who were victors of that kind, except that among 
their own citizens they thcmfelves were ennobled during life ? But the precepts of 



(i*) Chariots drawn by four horfes *v bread, for the entrance of which, on tiuTc occafions, 


broken through. 


it is Paid the city wall was 
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not only to their own countrymen, but alfo to all other nations, produce new and conftant 
edification ; and thofe who in their youth are fully inftru&ed in thefe fciences, become the 
wifeft of men, and teach the citizens the moral virtues, juftice, and laws, without which no 
city can fubfift. 


As therefore mankind, both privately and publicly, are fo benefited by the wifdom of 
authors, they (hould be decreed not only palms and crowns, but alfb triumphs, and adjudged 
worthy to be placed on the feats of the Gods. From many of their difcoveries which are 
ufeful in human life, I fhall feledl a few as examples, that it may be acknowledged fuch 
honours ought to be conferred on them by mankind. And firft, I fhall give one of the moft 
ufeful, out of many of Plato’s inventions, as explained by himfeJf. 



CH APTER I. 

. Of Plato’s Method of doubling a Square. 

■ 

** If a place or field being fquare and of equal fides fhould be required to be doubled and 
be ftill of equal fides, this, which cannot be done by numbers, may be accurately performed 
by lines, and it is thus demon ft rated: 

* 

The fquare place being in length and breadth ten feet, contains an area of an hundred 
feet ; if therefore the fpace be required to be doubled, and to contain two hundred feet, and 


. (i # ) The three firft chapters of this book arc generally 
allowed to have been intended by Vitruvius as part of 
the Proem, and erroneoufiy divided into the four chapters 
by the copyift. ' For in this book Vitruvius enters upon 
the fecond of the three pasts into which he at the begin¬ 
ning divided Architecture, viz, gnomonics, or dialling, 
to which the fubjeft of the fa id three chapters have no 
relation j and his add refs to Ciefar, at the latter part of 
the third chapter, and manner of concluding it, contri¬ 


butes to confirm this opinion. 

I am alfo perfuaded that the firft chapter of the firft 
book was meant by Vitruvius as the proem (that which 
is called the proem being rather the dedication, or ad- 
drefs to the Kmperor) ; for, like the other proems, it 
confiftsof hiftorical narrations and preparatory difeourfes; 
and he does not enter regularly upon the fubjedl of 
Architecture, or begin to explain the art, till he comes to 
that chapter which is ufually numbered the fecond. 
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ftill be of equal fides, it is demanded how large each fide of this fquare to contain two 

# 

hundred feet, anfwering to the double of the given area, muft be made. This cannot be fblved 

« 

% 

by numbers} for if 14 be taken and multiplied into itfeif, it produces 196 feet; if 15, 225 

feet: as therefore it cannot be found by numbers, in the fquare ( ABGD J which 
is in length and breadth ten feet, the line (BD) that extends from angle to angle 
diagonally, is to be drawn, fo that it may divide the fquare into two triangles (BAD and 
BCD) of equal magnitude} the area of each being fifty feet: then with the length of this 

# 

diagonal line \BD) another fquare (BEFD) of equal fides is deferibed. Thus as the two 

triangles formed by the diagonal line in the lefler fquare contain fifty feet each, the fame 

% 

magnitude, and the fame number of feet, will each of the four triangles {BAD, BAE, EAF 
and FAD) in the greater fquare contain. This method of doubling (a fquare) by the means 
of lines, as here deferibed, was demonftrated by Plato. 
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Of the Method of Pythagoras, for the Formation of a Right-angled Triangle. 



YTHAGORAS fhewed how to form a right angle without the inflruments of artificers} 
and, although the workmen, with great difficulty, can fcarcely produce a true redtangle, yet 
by the rules and methods derived from his precepts, it may he done with facility. 


For if three rulers be taken, one of which (AB) is three feet, the other ( BC) 

jFVg’# 1L/XV v * ^ 1*111 

four feet, and the third ( CA ) five feet, and thefe rulers be fo laid together that 
their ends may touch one another, they will deferibe the figure of a triangle (ABC), and 
form an cxadl right angle (at B )} and if on the length of each of the rulers, a fquare of 
equal fides be deferibed, the fquare (ABDE) which has fides of three feet, will contain an 
area of nine feet} that ( BCFG ) of four feet, fixteen feet} and that ( CSlIH) of five feet, 
twenty-five feet; fo that the number of feet in the areas of the two fquares (AD and BF) 
wliofe fides are three feet, and four feet in length, become equal to the number in that (AH) 
whofe fides are five feet long. When Pythagoras invented this, not doubting but that, in 
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>een aflifted 

** 

facrinces. 


This principle is ufeful in meafuring, and in many other cafes; it is fb like wife in build¬ 
ings, for the ere&ion of the ftaircafes, that the afcent of the lteps may have a moderate incli- 


Fig. LXV 1 


nation; for if the height (.^2?) of the (lory be divided into three parts, five of 

thefe will be the juft length of the inclined fhafts (AC) of the flairs; for the 

height of the ftoiy, whatever it may be, being divided into three parts, four (BC) is fet off 

. ** 

from the perpendicular (BA), and there (at C) the interior footings of the lhafts are fixed ; 

3 * 

by this means the difpofition of the flairs, and the afcent of the fteps, will be moderate. 


(i*) This problem of Pythagoras, as well as that of 
Plato foregoing, is founded on the 47th propofition of 
the firft book of Euclid, by which it is demonftrated, 
that, the fquare of the hypothenufe of any right angled 
triangle is equal to the fum of the fquares of the two 
fides. The difeovery of this propofition is generally 
aferibed to Pythagoras, who, it is laid, ufually facrificed 
an ox every time he made any difeovery in geometry, 
but that on this occafion he facrificed an hecatomb. 

(a*) Galiani obferves that the word interiors Ihould 
be read inferior's , or ant&iores , which appears to me 
highly probable. I Ihould prefer the former, but have 
not chofen to differ from the text. 

The interior would probably mean the under fide of 
the fcapi; and in that cafe their upper ends could not 


abut againft the floor, but would rife wholly above it, 
or at leaft that part of it from whence the meafurcs ori¬ 
ginate. 


(3*) By this means the tread of the fteps will be to 
the rife as 4 to 3, fo that if the tread be a foot broad, 
the rife will be nine inches, which the moderns in 
general think too much. We now univerfally fix half 
a foot, or thereabout, as the ftandard for the rifing of 
the fteps in convenient ftaircafes; although we often 
deviate therefrom in particular cafes; and a foot is as 
generally confidered as the proper breadth of the tread ; 
fo that the breadth or tread of our fteps are to their height 
or rife, as z to 1, and are therefore much lefs fteep than 
thofc of the antients. 
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How the Portion of Silver mixed with Gold in 

difcovered and afcertained. 


Work mav be 


A.LTHOUGH tie many inventions of Archimedes were wonderful and various, yet this 
which I/hall relate, /eems above all others to indicate his exceeding ingenuity. Hiero being 

railed to the regal power in Syracufe, refblved, for the fucce/s of his a&ions, to dedicate a 

# • 

votive crown of gold, in feme temple of the immortal gods. He determined to have it made 
of great value, and ordered the quantity of gold to be weighed to the workmen ; who at the 
time appointed prefented the work to the king, curiou/ly wrought; and the weight of the 

crown was found to be equal to that of the gold he received. Some time after, however, 

% 

figns appeared, that part of the gold had been embezzled, and that fo much filver had been 
mixed with the crown in its /lead. R(iero, offended at this impofition, and not knowing by 

9 

what means to detect the fraud, de/ired Archimedes to take the matter into confideration. 
While he was revolving this in his mind, it happened that he went to the baths, where, when 
he de/cended into the folium, he obferved, that as much of his body as entered therein, 
caufed fo much of the water to flow out of the folium. Struck with this method of folving 
the difficulty, he flayed no longer, but, tran/ported with joy, leaped out of the folium, and 
running home naked, cryed with a loud voice, he had found wKat he fought: for as he ran, 
he frequently exclaimed in Greek, Eureca, Eureca, Upon this principle, it is /aid, he made 
two mafles, each equal to the weight of the crown, one of gold, and the other of fllver j this 
done, he filled a large vafe with water to the brim, in which he put the mafs of filver, who/e 
bulk, when /unk in the vale, caufed a portion of the water to overflow. Then taking out 
the mafs, he poured in again the quantity, meafured with a fextarius, that was requifite to 
fill it to the brim, as before j thus he found what quantity of water correfponded to a certain 
weight of filver: this being known, he likewife put the mafs of gold into the vafe thus filled, 
and taking it out, in the fame manner meafured the quantity added, and found that the 


(i*) At chapter 10. book 5. Vitruvius calls the baton 
that contains the water, labriim , where I have obferved, 
alfo, that it mult be of thofc kinds which arc funk below 


the pavement of the room ; but this bafon, that is here 
called folium) is probably of the finailer kind, thic 
flood upon the pavement. 
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quantity of water it had caufed to overflow was not fo great; but was as much lefs as the 
magnitude of the mafs of gold was lefs than that of the fame weight of filver : laflly, filling 
again the fame vafe with water, he put therein the crown itfelf, and found that more water 
was dilplaced by the crown, than by the mafs of gold of the fame weight: fo that from 
the water difplaced by the crown, more than that by the mafs, he difcovered by calcu¬ 
lation the quantity of filver mixed with the gold ; and thus dete&ed the fraud of the work- 
man. 

* 

Let us now transfer our attention to the inventions of Architas the Tarentine, and of 
Eratofthenes of Cyrene, who have by their mathematical knowledge made many difcoveries 
uleful to mankind : and although for other inventions they may be applauded, for the folution 
of the following problem they are chiefly celebrated. Each undertook to folve, by different 
methods, the refponfe uttered by Apollo in Delos, to make an altar like his, but containing double 
the number of cubic feet; and that, thereafter, tliofe who might be in that ifland fhould be 
freed by the religion. This Architas folved by the defcription of the hemicylinder, and Era- 
tofthenes by the mechanifm of the mefolabium. 


(2*) The altar of Apollo at Delos was a cube, and 
the propofition was to find the meafure of another cube, 
•whofe quantity fhould be exactly double that of the 
former. 

If a cube be formed, whofe fide is double that of the 
given cube, it will contain eight times the cubical quan¬ 
tity, being the fourth number of a geometrical feries in- 
creafing in a duplicate ratio, as 1. 2. 4. 8, and of which 
the cube required is the fecond number of the feries. It 
is faid, that Hippocrates, refletting upon this principle, 
reduced the propofition to the finding two geometric mean 
proportionals between two given lines, one equal to the 
fide of the given cube, and the other, double thereof j the 
lead of which mean proportionals will be the meafure of 
the fide of a cube that fhall be exactly double in quantity 
to the given cube. 

To find ihcfc two mean proportions, fevcral methods 
were difcovered by the antients. Architas, Kratofthenes, 
Plato, Nicomedes, Apollonius, and others, have invented 
different methods j but they are all tentative : thefe may 
be met with in books of geometry, to which I refer the 
render. I fhall, however, here diTcribc the principle on 
which the mechanical contrivance of Eratofthenes was 
founded. 


Fig, Lxrm ; 




Let AB and CD be the two given lines, drawn parallel 
to each other* join AC and BD, draw the line AF to any 
point F, and from the point F raife BE parallel to AB ; 
then from E draw the line EH parallel to the former line 
AF, and from H raife HG parallel alfo to AB : laflly, from 
G draw GD parallel to the former lines AF and EH, and 
if the line GD interfetts the line CD in D , the operation 
is right; if not, the direction of the lines AF, EH, and 
GD, muft: be altered till it fo happens ; when EF, and 

0 

GH, will be the two mean proportionals fought. This 
method is founded upon the 4th propofition of the 6th 
book of Euclid, which demonftrates that the correfpond- 
ing Tides of equiangular triangles arc proportionals. 

By the fame procefs any number of mean proportionals 
may be found between the two given lines AB and CD, 

1 

As every addition to the fcveral inventions left us by the 
antients for finding two mean proportionals, may not be 
without its ufe, I (hall here annex one that I have dif- 
covercd. 

BD, Fig, LXVIII. is the longcft given line, and DE is 

the fliorteft, perpendicular to the former : continue BD 

toward C indefinitely 1 alfo draw the perpendicular BA 

6 







o 


IX. 


203 




✓ 


* 

As thefe efforts of the fciences are regarded with fo much pleafure, and we are naturally 

k 

% 

forced to be pleafed with fuch inventions, upon confidering their feveral ufes ; fo on pending 
it, I much admire the book of Democritus upon the nature of things, and his commentary 
which is infcribed Cheirotoneton ; wherein he ufed a ring to feal, with red wax, what had 
been experienced. The ftudies of fuch men not only tend to corredt the morals of their 
time, but are alfo calculated to remain a perpetual benefit to mankind \ whereas the feats 
of the athletse, in a fiiort time, with their bodies, perifli:—fo that neither while they are 
living, nor afterwards, nor by their inftrudtions, can they produce fuch advantages to human 
life as are derived from the fentiments of the learned. But although due honours are not 
afforded to authors, for either their knowledge or inilrudtions, yet by the ftrength of their 

t 

own minds, looking above the world, in the memory of fuccceding ages they are exalted 
to the heavens; and they not only render their writings immortal, but alfo make their very 
perfons known to pofterity. Thus, thofe whofe minds are acquainted with the pleafantry 
of his writings, cannot avoid imagining in themfelves the figure of the poet Ennius, in the 
fame manner as thofe of the gods. And they who are delighted with the ftudy of the poems 

1 

of Accius, not only feel the energy of his words, but even his refemblance leems to be prefont 
with them. Many alfo, bom after our time, will dilpute with Lucretius, as if he were before 
their face, concerning the nature of things ; with Cicero on the art of rhetoric ; and confer 

s 

with Varro, upon the Latin tongue. Nor will there be wanting many philofophers, who 

% 

will feem privately to deliberate and difcourfe with the fages of Greece. In fine, the fenti¬ 
ments of excellent writers, although their bodies be abfent, exift in future ages; and in coun- 
cils and debates have greater influence than thofe of the perfons who may be prefent. 
Supported therefore, O Csefar, by their authority, and following their opinions and precepts, 
I have written thefe books; the firft feven, concerning building ; the eighth, of water ; and 


and the horizontal line EF, indefinitely; then take a 
rectangle DAC, move the angle A of ic up the line AB, 
moving it from B upwards, and keeping one fid eAD clofe 
to the point Z), till the interfettions of its two Tides AD, 
AC, with the lines EF and BC, make BC and EF equal ; 
then AB and BC (=EF) will be the two mean propor¬ 
tionals required. 

For want of a fquare, it may be done with a common 
ruler, or firing, though with a little more difficulty, thus : 
Making the point D the axis, turn the ruler thereon, till the 

interfc&ions EF and GH be equal, and Dll equals AB. 

■» 

To help this latter operation, it will be ufeful to have a 

* 

few perpendiculars drawn near about the place whfre 


GH, it is guefTed, will happen. A demonftration is fcarcely 
neceflary, as it will be evident on infpeflion, that DE: 
EF:: EF=:CB: BA, and:: BA: BD, they being all fimilar 
Tides of fimilar triangles, each having one fide common. 

The following method of finding two geometric mean 
proportionals arithmetical!.*', has alfo occurred to 
me. Multiply the fquare of one of the given numbers 
by the other given number, and the cube root of that 
product will be one of the mean propoi tionals fought. 
If the greater of the given numbers be that which is 
fquared, the greater mean proportional will be the refultj 
and the contrary if the Icffer given number be fquared. 


y 
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in this I lhall explain the principles of dials; how they are to be contrived by means of 

the fhadows of gnomons caufed by the rays of the fun, and on what principles they are en- 

» 

t 

larged or contracted. 


1 

V 



CHAPTER IV. 

% 

% 

/ 

Of the Conflellations and Planets, relative to the Principles of Dialling. 

These things are eftablifhed by the divine Mind, and excite great admiration when con¬ 
templated. The equinoctial fliadow of gnomons is of a different magnitude at Athens, at Alexan- 

9 

dria, at Romei at Placentia, and at other parts of the earth, and therefore the forms of dials vary 
greatly in different places; for by the length of the equinoctial fhadow are determined the 
forms of the analemmas, by which, according to the difference of places, and fhadows of 
the gnomons, the hour lines are deferibed. The analemma is a figure contrived from the 
obfervation of the courfe of the fun, and the increafe of the fhadow at the winter folftice ; and 
by means of which, with architectonic rules, and the ufe of inftruments, the appearances in 
the fyftem are deferibed. The world is the whole affemblage of all things in nature, and the 
heavens figured with the ftars. Thefe revolve continually around the earth and fea, upon 
the extremities of the cardinal (polar) axes ; for in thofe places the cardinal points are by the 
power of nature formed and fituated as centers; one, from the earth and fea, to the world’s 
fummit, beyond the northern ftars themfelves; the other, on the contrary, under the earth, 
to the fouthern regions j and there, around the cardinal orbicules, as around the centers in 
wheels, which the Greeks call Polo/, the heavens perpetually revolve. Thus the earth, with 
the fea, is naturally placed in the middle ; thefe are by nature fo di/poftd, that in the 
northern part, the center (the pole) is raifed above the earth j while in the fouthern pari, 
being confined to the inferior regions, it is concealed by the earth. 


(i *) The analcnum is deferibed at the Sth chapter 
of this book, 

(2*) Vitruvius here (peaks according to the Ptolemaic 


fyftem of the world, which was univcrfally believed in his 
time ; and according to the local lunation of Italy, and 
the other parts of the earth then moil known, which 
were wholly, or chiefly, in northern latitudes. 
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Through the middle, tranfverfely, and inclined to the fbuth, is formed the circular bread 

3* 

zone of the twelve figns, whofe reprefentations are delineated by nature in the difpofitions of 

* 

their ftars into twelve equal parts, which thus fhining like the reft of the ftars, and revolving 

round the earth and fea, deicribe their courfe in the iphere of the heavens: but all are vifible 

# 

and invifible at ftated times ; for when fix figns are revolving in heaven above the earth, the 


pafii 


Six of thefe, therefore, are 


always fhining upon the earth; for as much of the ultimate fign as by the force of the rota- 
tion defeends and is hidden under the earth, fo much of the oppofitc one is, by the revolving 
power, railed to view from the concealed and obfeured parts, as the lame power a&uates at 
once both the eaftern and weftern motions. Thefe figns are in number twelve, and eachpof- 
fefles a twelfth part of the heavens, turning continually from eaft to weft : and through thele 
figns, but the contrary way, the Moon, Mercury, Venus, the Sun itfelf, as alio Mars, Jupiter, 
and Saturn, as if afeending on fteps, run their courfe; traverfing the heavens, in orbits of 
different magnitudes, from the weft to the eaft. The Moon is twenty-eight days and about 

4* . ' 

an hour more in palling the circuit of the heavens, from the fign where it began its .motion, 
to the fame fign returning; thus making a lunar month. 


The fun pafies the fpace of a fign, which is the twelfth part of the heavens, in a month ; 
thus pervading the twelve figns in twelve months; when, by returning to the fame fign from 
which it began its courfe, it meafures the interval of a year. This circuit the Moon pafies 
thirteen times in twelve months, while the Sun moves round it but once in the fame time. 


The planets Mercury and Venus, moving round the Sun itfelf as a center, feem fometimes 
to be retrograde and to be retarded, as allb, by the nature of their circuit, to be ftationary and 
fixed in the place of the figns. This is chiefly obferved in the planet Venus, which, when 
it follows the Sun, appears in the heavens after funfet, Ihining with great luftre, and is called 
Vefperugo ; at other times, preceding and rifing before the Sun, it is called Lucifer . Thefe are 
fometimes delayed many days in one fign : at other times they proceed fwiftly in another fign ; 
but although they are not an equal number of days in each fign, as much as they arc delayed 
in a former, with fo much the more celerity pafling the following, they perform their courfe 



(3*) Called the zodiac. 


(4*) This is not the time of its revolution accordir 
to the modern calculation * a periodical revolution of tl 
Moon, which is the time of its palling from any one fi£ 
till it returns to the fame fign again, being now found 1 


be ay days, 7 hours and 43 minutes ; and a fynndnal re¬ 
volution, which is the time between its conjundions with 
the Sun, 29 days, 12 hours and 44 minutes. Pliny, I. 2. 
c. 9, fays the time of the Moon's revolution is 27 days 
and about the third of a day, nearly agreeing with the 
modern computation. 
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exactly; for it fo happens, that although they are retarded in fome of the figns, yet when 
they free themfelves from the neceflary delay, they pafs more quickly through the entiling 
part of their orbits. 


The planet Mercury fo revolves in the heavens, that in 360 days, paffing the circuit of the 
figns, it arrives at that fign from whence it began its courte; and its path is lb equally 
divided, that it remains about 30 days in each fign. 


Venus, when it is freed from the obftrudtions of the Sun’s rays, moves the Ipace of a fign 

5 # 

in 40 days $ and although it remains lefs than 40 days in feveral figns, yet when it is 
ftationary, by being detained in one fign, it regains the whole of its number. Therefore 
palling round the whole circuit of the heavens in 485 days, it returns again to that fign from 
which it firft began to move. 


Mars, in about 683 days traverfing the Ipace of the ftars, arrives again at the beginning 
of its courfe; and though it moves too quick in fome figns, yet by being ftationary in 

V 

others, it revolves the juft number of days. 


Tupiter, with gentler motion afcending the degrees, contrary to the rotation of the heavens, 
J 6 * 

pafles through each fign in about 36© days, and is 11 years and 323 days in returning to 
the fign, in which it was twelve years before. 


(5*) This number is written 30 in all the editions; 
yet the tenor of the whole pafiage proves it is a miftake, 
and that it fhould be 40; for the very next fentencc, 
“ Although the planet Hays lefs than 40 days in feveral 
« figns, yet that deficiency is fupplied by its Haying longer 
ft in another fign,” clearly implies that Vitruvius meant 
it to be 40 days, which was about the number lie fup- 
pofed the planet flayed in each of the twelve figns: and 
alfo, that number multiplied by 12, equals the number 
of days he allows to the whole revolution, wanting 5, 
which may be fuppofed to be gained by its longer flay 
or retrogradation in fome fign. 

(6*) This number 360, and the number 323 following, 
are in all the printed editions, except Gilliam's, written 
365, and 363 ; although, in all the manuferipts I have 


examined, and in one at the Vatican library, they are as 
here written in the text. I have therefore, with Galiani, 
chofen thofe numbers, as they agree more nearly with 
Ptolemy’s calculation, as well as with the whole period 
of Jupiter's revolution, mentioned by Vitruvius. 

But the times of the revolutions of the feveral planets, 
as here determined, by no means agree with the modern 
calculations, nor indeed with thofe of other antient 
writers, particularly in the planets Mercury and Venus, 

4 

which are different determined both by Ptolemy and 
Pliny. Ptolemy affigns 124 days to the revolution of 
the former, and 575 to the latter j and Pliny allows 339 
to the former, and 575 to the latter: but thefe differences 
are doubtlefs owing to the falfc notion the antients had 
of the mundane fyftem. 

The times of the periodical revolutions of the planets 


4 
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Saturn is 31 months and a few days more in pafling the /pace of a fign ; and in 29 years 
and about 160 days, it returns to that in which it was thirty years before. This^ as it is lefs 
diftant from the extremity of heaven, is found to have a larger orbit, and to move flower. 

# s* 

Thofe which make their circuit beyond the path of the Sun, when they are in trine chiefly, 

I 

do not proceed, but being retrograde, are delayed till the Sun pafles from the trinal fign to 
another. Some affert this to be owing to their being then far diftant from the Sun, where * 
their paths not being enough enlightened, they are impeded by the obf rity: but it feems 
not fo to us, for the brightnefs of the Sun is, without any obfcurity, perceptible and evident 
throughout the whole world, as appears to us even at the time thefe planets are retrograde 
and ftationary. If then it is obfervable at fuch a diftance to our view, how can we fuppofe 
that it is obfcure to the divinity and iplendour of the planets ? We therefore rather maintain 
this principle, that as heat attra&s and draws all things to it/elf; for we fee fruits rife out of 
the earth by the means of heat; as alfo by the rainbows, vapours from the iprings of water 
rifing to the clouds : lo for the fame realbn, the violent heat of the Sun’s rays, extended in a 
triangular form, attracts the fucceeding planets, and in the lame manner flopping and re¬ 
taining thofe preceding, fuffers them not to advance, but forces them to return, and remain 

% 

in the other trinal fign. It may perhaps be demanded, why the Sun, by its heat, caufes this 

' 9 * x 

detention in the fifth fign from itfelf, rather than in the fecond or third, which are nearer. 

I lhall explain this, as it appears to me. Its rays being extended in the heavens fo as to form 


round the fun, according to modern calculations, arc as 
follow: 

Days. Hours. Min. 

Mercury - 87 23 

Venus - - • 224 17 

The Earth - - 365 5 49 

Mars - - - 686 23 

Jupiter- - - 4332 12 

Saturn - - - - 10759 8 

(7*) Pcrrault has obferved, that if Saturn be 29 years 
and 160 days in pafling ics revolution, then it can be but 
29 months and fame days in each fign, allowing 30 days 
to a month. But to this it may be anfwered, that Vitru¬ 
vius may poffibly mean lunar months, at the length he 
has juft mentioned, viz. 28 days and about an hour; and 
in that cafe the words of the text will agree with the 
truth : for the planet will be 31 of thofe months, 26 days 
mid an half in each fign, reckoning the year at 365 days, 
5 hours, 49 minutes. 


(8*) One of the afpe< 5 ts of the planets. For the fake 
of the following note it may be ufeful to recollect the 
feveral afpe<fts, conjunction, fextile, quadrate, trine, and 
oppofition : the firft is when two planets are in the fame 
fign, or place, of the circle of thehcavens* the fecond, when 
they are 60 degrees, or a fixth part of the circle diftant; 
the third, when they arc 90 degrees, or a fourth part of the 
circle diftant; the fourth, when they arc 120 degrees, or a 
third part of the circle diftant j and the fifth, when they arc 
1S0 degrees, or half the circle diftant. 

(9 v ) Perrault has here differed from the text, and 
written the fourth inftead of th c fifth, as believing it to be 
a miflake, caufedby the copyifts omitting the figure 1 be¬ 
fore the figure v, and thus writing v inftead of iv. Vi¬ 
truvius undoubtedly means that fign which is 120 degrees 
diftant from the Sun: now as a planet, when it is 120 
degrees diftant from another, or in a trine afpeft, is then 
in the fifth fign from it, if the two extreme figns be in¬ 
cluded, it may well be fuppofed that Vitruvius meant 

z 
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a triangle of equal lides, this will interfetft neither further nor nearer than the fifth figti; for 
if the rays were difperfed through the whole world circularly, and not extended in the form 
of a triangle, the nearer bodies would then be more heated. This Euripides the Greek poet 
has alfb obferved ; for he fays that which is further from the Sun has a more intenfe, and 
that which is nearer, a more moderate, heat: for in the dramatic fable of Phaeton, he writes 
thus : Ka m tcc 7ropp&>, r« <T’ tyyus eutgeer ‘The dijlant burns y but gently warms the near . If then 
the fadt, reafon, and the teftimony of an ancient poet fhew it to be thus, I think it ought 
not to be fuppofed otherwife, than as we have before written. 

4 

Jupiter performing his circuit between Mars and Saturn, revolves in an orbit greater than 
that of Mars, and lefs than that of Saturn : and the reft of the planets, in proportion as they 
are further from the extremity of heaven, and have their orbits nearer to the earth, are found 

to move fwifter : for thole which make a lefler circuit will often pafs thole that are above 

* 

them. 

Thus if on a wheel, fuch as the potters ule, (even ants were put in as many grooves made 
in the wheel around the center, increafing from thence to the extremity in which they,were 
obliged to walk round, and the wheel was turned the other way, they would neverthelefs 
make their circuit contrary to the rotation of the wheel; and thofe which were nearer to the 
center would pafs round fooner than thofe at the extremity of the wheel, fuppoling they walked 
with equal celerity ; for, on account of the magnitude of the circuit, they muft be longer in 
palling their courle. In the fame manner the planets revolve in their orbits contrary to the 
courfe of the heavens, although they are carried backward by the prevailing rotation of the 
heavens in their diurnal motion. 

4 

But the reafon that fome of the planets are temperate, fome hot, and fome cold, is found to 
be this : that as all lire has a flame afeending upward, fo the Sun, by its rays, heating the 



that manner of reckoning, and therefore Perrault Ihould 
not have fo haftily altered the text. But Perrault urges, 
<( that as the text oppofes the fifth fign to the fecond, or 
(< third, by which are meant the two afpefb, Textile and 
“ quadrate, they would, if that way of reckoning had 
“ been ufed, have been called the third and fourth figns.” 

But this is taking it for certain that Vitruvius meant 
thofe two afpe&s by thofe words j whereas it may as well 
be fuppofed that he meant, by the words fecond and third, 
the figns that were next and next but one to the Sun j 

7 


and this fuppofition will agree more nearly with the chief 
end and intention of his argument} which is to fhew 
why the Sun afFe&a thofe planets which are farther from 
it, more than thofe which are nearer. So in the fcale of 
mufic, the note which is the fourth from the fundamental 
note, is called the fifth, becaufe the two extremes are 
comprehended, the fundamental note being reckoned the 
firfi:; in the fame manner Vitruvius may have here 
reckoned the figns. 
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aither above it, in the place where Mars his its courier that planet is rendered fervent by t!ie 

% 

heat of the Sun. Saturn, which is near the extremities of the world, and in contaeft with the 

* 

frozen regions of heaven, is intenfely cold. Biit Jupiter, whole path is between the orbits 

i 

of both, being qualified by their cold and heat, is found to have a moderate and temperate 
effect. Thus of the fcone of the twelve figns, and of the feven planets, with their contrary aftion 

9 

and courfe, by what latvs, and at what times they pafs from fign to fign, and perform their 
circuit, I have difeourfed according as I have learned from authors. I fhall now fpealc of 
the increafe and diminution of the light of the Moon, as delivered to us by the antients. 


. . * * 9 ' 9 X 

Beroftis, who, from the city or nation of the Chaldeans, travelled in Alia, and taught the 

I 

feiences, maintained the Moon to be a ball, half of which was luminous, and the other part of 
a blue colour: and that when, in the courfe of its circuit, it paftes under the orb of the Sun, 
the rays and violent heat thereof attract and turn the bright fide by the fympathy of light to 
light: fo that when the globe of the Sun is above it, then the lower part, which is not lumi¬ 
nous, is, on account of its fimilitude (in colour) to the air, invifible. When it is thus perpen- 

i 

dicular to the Sun’s rays, the whole light is confined to the upper face, and it is then called the 

■ 

9 

firft day. When it pafles the eaftern part of the heavens, the attraction of the Sun being abated, 
the extremity of the bright fide, in a thin line, emits its luftre to the earth, and it is then 
called the fecond day. Thus, by the daily remiflion of the reverfement, the third and fourth days 
are numbered. On the feventh day, the Sun being in the weft, the Moon will be between the 
eaft and the weft, in the middle part of the heavens; being then the half of the heavens diftant 
from the Sun, the half of the luminous fide will be turned to the Earth : but when the whole 
fpace of heaven is between the Sun and Moon, and the Sun, paffing the weft, views the orb of 
the Moon behind it in the eaft, being then at the greateft diftance from its rays, it is the four- . 
teenth day, and the full circle of the whole dife emits its light. The remaining days 
it decreafes daily, till the completion of the lunar month, and its return to pafs again under 
the Sun, determining by its monthly rays the number of days. But as Ariftarchus, the Sa¬ 
mian mathematician, has with great judgment taught a different dodtrine of the fame, I 
fliall here explain it. 


He maintains that the Moon has no light of its own, but is as a fpeculum (refle&or), and 
receives its light from the Sun: of all the feven planets, the Moon revolves in the fmalleft 
orbit, and neareft to the Earth; therefore the firft day of every month palling under the Sun, 
it is invifible ; and, bccaufe it is with the Sun, it is faid to be new. The next day, which is 
called the fecond, having palled by the Sun, it has a thin illumination on the edge of the 
circle: the third day of its departure from the Sun, it becomes more illuminated : retiring 
every day more, at the feventh day, being about half the extent of the heavens diftant from 
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the weftern Sun, half of it ftiines ; the part that is toward the Sun being illuminated. On the 

s 

fourteenth day, when it is the ipace of the whole heavens diftant from the Sun, it appears full, 
and rifes when the Sun lets: for, being the whole ipace of the heavens diftant, it ftands dia- 
metrically oppofite, and the whole orb receives the light of the Sun. On the feventeenth 
day, when the Sun rifes, it tends toward the weft: the twenty-firft day, when the Sun rifes, 
the Moon is about the middle of the heavens, and that fide which is next to the Sun is 
enlightened j the other fide being in fhadow. So daily performing its courfe, about the 

SI# 

twenty-eighth day, it again paffes under the rays of the Sun, and thus completes its monthly 
rotation. I ihall now defcribe how the Sun, paffing through a fign every month, lengthens 
and fhortens the days and hours. 


(io*) “ Ec cjusqusE ad Solem parsfpe&at eaeft illumi- 
“ nata”—“ The part that is toward the Sun being illu- 
ct minated.'* Perraulc finds no fenfe in this pafiage, as 
here fituated ; he has therefore judged it fhould be placed 
a few lines before; i. e. fo as to follow the word ob - 
Jcuratur , and has rendered his tranflation accordingly : 
but thefe words are as applicable, and may be as juftly 
faid, when the Moon is a quarter of its revolution diftant 
from the Sun, as when it is in conjunction; and it is ex- 
traordinary that Perrault fhould think otherwife. If the 
words be equally juft in both cafes, it is no fault in Vitruvius 


that they are not placed where Perrault would have them: 
indeed Perrault feems to have haftily written his ideas, 
without confideration, or the ule of his judgment, in this, 
as well as in many other alterations that he has made. 

(11 s *) Vitruvius has before in this chapter mentioned 
28 days as the time of the periodical revolution of the 
Moon, and here it is applied to its fytiodical revolution i 
with neither of which it exactly agrees. See note 4 fore¬ 
going. 
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CHAPTER V. 

% 

% 

« 

Of the Courfe of the Sun through the Twelve Signs of the Zodiac. 

When the Sun enters the fign of Aries, and has proceeded an eighth part therein, it caufes 

i* %% 

the vernal equinox; when it has advanced to the tail of Taurus, and to the ftars of Vergiliae, 
which are confpicuous in the prior half of Taurus, it has palled in the heavens more than half 
of its courfe to the north . From Taurus, entering Gemini at the rifing of the Vergilia?, it ad¬ 
vances more upon the earth, and increafes the length of the days ; then from Gemini entering 
Cancer, which occupies the leaft part of the heavens, when it arrives at the eighth part thereof, 
it determines the fummer folftice, and moves on to the head and bread of Leo; for thofe parts 
are afligned to Cancer. From the bread of Leo, and end of Cancer, the Sun, palling through the 

i 

remaining part of Leo, diminiflies the length of the days, and its circuit; making the fame 
courfe as when in Gemini. Paffing from Leo to Virgo, and proceeding to the finus of her 
ved, it leflens its circuit, and makes a courfe equal to that which it made when in Taurus. 
Proceeding from the finus of Virgo, which finus includes the fird part of Libra, it produces 
the autumnal equinox; the circuit being then equal to that it made when in the fign Aries. 
When the Sun enters Scorpio, at the fetting of the Vergiliae, it diminifhes the length of the 
days, proceeding to the fouthern parts. From Scorpio, paffing to the thigh of Sagittarius, it 
caufes the days to be yet fhorter. From the thighs of Sagittarius, part of which is attributed 
to Capricornus, entering on eight parts of the latter, it then makes the fhorteft trad: in the 
heavens ; which time is, from the fhortnefs of the days, called Bruma , and the days Brumales . 
From Capricornus, paffing to Aquarius, it increafes and makes the days equal in length 
to thofe of Sagittarius : from Aquarius, entering Pifces, at which time the wind Favonius 


(i* ) This is not the cafe at prefent; for by a motion 
that alters the place of the equinoxes about 50 feconds 
of a degree every year, called the precefilon of the equi¬ 
noxes, the vernal equinox is moved almoft 30 degrees 
from the place afligned by the antient aftronomers. 

(a*) The conllcllation Taurus is reprefented without 


a tail and hinder parts, on the modern fpheres; whether 
therefore it was by the antients differently reprefented, 
or that we are to underftand by this expreffion the ex¬ 
tremity of the fign, is uncertain. Pliny, b. 2. ch. 41. 
mentions the feven ftars called Vergil he being in the 
tail of Taurus. 

A a 
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blows, its courfe is equal to that when in Scorpio : thus the Sun pervading the figns at ftated 
times, increafes and diminiflies the length of the days and hours, 

I fhall now fpeak of the other conftellatiorts that are on the right and left of the Zodiac; 
and of the flars difpofed on the northern and fouthern part of the heavens. 




Of the Conftellations that are on the North of the Zodiac. 





EP TEN TRIO, which the Greeks name Air Eton, or Hclicen , has behind him his 


a* 

Keeper, who is not far from Virgo ; over whofe right flioulder is a moft brilliant flar, called 
by us Provindemia Major , and by the Greeks Protrygeton , which fhines with an extraordinary 
lullrous colour; oppofite to it is another ftar, between the knees of the Keeper of Ar&us, 
who is called Ar&urus. From the head of Septentrio, toward the feet of Gemini, is the part 
afligned to Auriga, who ftands at the point of the horn of Taurus ; alfo at the point of the 
left horn, by the feet of Auriga, is a ftar called the Hand of Auriga, by whofe left flioulder 
are the Goats’ Kids. Above Taurus and Aries, is Perfeus, palling under, on the right, the 
bafe of the Vergilia?, and on the left, the head of Aries ; with the right hand refting upon 
the figure of Cafliopeia, the left holding over Auriga the Gorgon’s head, by the top, and laying 
it under the feet of Andromeda. The Fifties alfo, above Andromeda, and by the belly of 


(3 V ) The Romans divided the day, whether long or 

t 

fhoit, into twelve hours, as Vitruvius obferves at the 
Stli chapter following; beginning at fun rife, and ending 
at fun-fet: therefore, in all their dials and connivances to 
uicafurc time, the hours were lengthened and fhortened 
with their days. 


( i" ) Called alfo Urja Major, the Great Bear. 

Bootes, or Ar&urus, according to Vitruvius. 
(■j'J G.di.mi iias changed Anri gam, in the text, to 



Taurutn, becaufe he fays ft Perfeus holds the Gorgon’s 
head over Taurus, not over Auriga.” This is true, if 
we confider the north pole as the upper part, as Galiani 
feems to have done; but as Perfeus is difpofed with his 
feet upon Auriga, and his head wcllward, the weft', with 
refpeft to him, may be confidercd as the upper part, 
and Auriga may be laid to be below him; confequently 
Perfeus, in that view, holds the Gorgon’s head over Au¬ 
riga. This may be the view in which Vitruvius has con¬ 
ceived it, and in this view the text is juft’, and the altera¬ 
tion of Galiani erioneous. 
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her and of the Horfe, are over the back of the Horfe ; arid a glittering ilar limits the belly of 

i 

the Horfe and the head of Andromeda. 


The right hand of Andromeda is placed upon the image of Caffiopeia, the left over the 
north-eaftern Fifh. Aquarius is over the head of the Horfe, the hoofs of the Horfe touching 

5 ti¬ 
the knees of Aquarius : the middle of Caffiopeia is dedicated to Capricornus. High above 

are Aquila and Delphinus ; near them is Sagitta ; and by him the Swan, of which the right 


wing touches the hand of Cepheus, whofe fceptre, in his left hand, refts upon Caffiopeia. The 

6 * 

feet of the Horfe are concealed under the tail of the Bird. 


Over Sagittarius, Scorpio and Libra, is the Serpent, the point of whofe beak touches the 

7* 

crown. At the middle of the fame place is Ophiuchus, holding the Serpent in his hand, his 


(4*) Here mud: be Tome error in the text, which runs 
thus : “ Item Aquarii fupra Equi capitis, Equi ungulse 
“ atdngunt Aquarii genua : Calliope media eft dedicata 
« Capricornofor Vitruvius has faid that the Fifties are 
at the back of the Horfe. Aquarius is next to them in 
the line of the Zodiac, and (as Vitruvius fays) at the 
head of the Horfe: alfo the feec of the Horfe are hereafter 
defcribed to be under the Swan’s tail. It is therefore 
not poflible, in this fituation of things, that the hoofs of 
the Horfe can touch the knees of Aquarius. Wherefore 
Philander and Perrault judge that, inftead of Aquarii 
genua, Aquarius’s knees. Avis penn<e, the Bird’s wings, 
Ihould be read} and Galiani has changed ungula, hoofs, 
to auricula , ears, which is the more probable correttion: 
although this will not agree with the delineation on the 
globes. If wc might read gala, throat, inftead of genua, 
knees (and it is not very improbable that the word may 
have been fo changed by the copyift), the reading would 
then, if joined with Galiani’s correttion, agree with the 
ufual appearance on the globes. See the following note. 

(5’*) “ Caffiope media eft dedicata Capricorno.” Caf- 
fiopeia is at fo great a diftance from Capricorn, that it is 

9 

not likely Caffiopeia was here meant by the author: Ga¬ 
lium has therefore changed CnJJiopei.e to Aquarii'. and Perrault 
has altered the lenfe of the paflage by altering the punc¬ 
tuation. 

Caffiope is written in all the manuferipts I have exa¬ 
mined, except one, wherein all the words between Aquarii 
and Media , quoted in the preceding note, are omitted, 

and where confequently the fenfe is, that the middle of 

2 


Aquarius is dedicated to Capricorn, agreeing with the 

a 

alteration of Galiani. * 

(6*) *SAbea antem volucris cujus penna dextra Cephei 
“ manum attingit, & feeptrum lasva fupra Caffiopeia in- 
“ nititur.” 

Perrault and Galiani tranflate this paflage thus : (t the 
tc right wing touches the hand and feeptre of Cepheus, 
« c and the left wing extends to Cafliopeia.” But this cannot 
be juft; becaufe Cepheus does not hold the fceptre in 
the hand that touches the right wing of the Swan, but in 
his left hand, which is near Cafliopeia; nor does the left 
wing of the Swan extend toward Caffiopeia, either in the 
modern globes, or in the antique fphere preferved in the 
Farnefe palace at Rome. The text will very well bear 
the conftru<£tion that I, following Barbaro, have given it, 
which exadtly conforms to the reprefentation on the globes. 
The words “ Izeva fupra Caffiopeia innititur” more pro¬ 
bably relate to the left hand of Cepheus, than to the left 
wing of the Swan (although it may be inaccurately ex- 
prefled), becaufe the pofition of Cepheus is not otherwife 
fully defcribed; and die left wing of the Swan in no 
globe extends to Cafliopeia, but to the Horfc’s feet: for 
rhis rcafon alfo, I believe the words “ fub Avis cauda”— 
" under the tail of the Bird,” following the above quota¬ 
tion, (houldhave been written “ fub Avis penna”—“under 
“ the wing of the Bird}” for the feet of the Horfe are 
under the left wing of the Swan, not under its rail, in the 
antient as well as in the modern globes. 

(y*) The Serpent-holder, called Serpentnmiy, 
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left foot treading on the middle of Scorpio. Not far from the head of Ophiuchus is the head 

of him who is called the Kneeler; the tops of their heads are eafily diftinguifhed, being marked 

9 * 

by bright ftars. The foot of the Krieeler is fupported by the head of the Serpent, that is 

J & ^ IO# 

entwined between him and Ar<ftus, otherwife called Septentrio. At a little diftance from 
them is Delphinus. Lyra is placed oppofite to the bill of the Swan. The Crown is between 
the flioulder of the Keeper and the Kneeler. 


In the northern circle are two Bears, difpofed with the back of their llioulders to each 
other, and their breafts the contrary way; the leffer is by the Greeks called Cynofoura y and 
the greater Helicen : they are reprefented with their heads looking down from each other, 
and their tails turned toward the other’s head ; for of both it may be fa id, that they are ex- 
ceedingly confpicuous by their tails : the Serpent {Draco) is extended from that ftar which is 
called Polus, and lliines moft about the head of the Greater Bear j for Draco involving the 
head of that to which it is neareft, folding once near the head of Cynofura, and then extend¬ 
ing to its feet, bends itfelf, and returns from the head of the Leffer (Bear) with its beak op- 
pofed to the Greater (Bear), and (hewing the right fide of its head. Upon the tail of the 
Leffer (Bear) are the feet of Cepheus; and at the part of the Zenith which is over the head of 



(8*) Hercules. 

0 

(9*) Draco. 

(io*) Urfa Minor, or the Little Bear. 

(ii* : ) Philander and Perrault would here alter the 

text, and inftead of tc parveper eos fle&itur Delphinus,” 

# • 

read “ parvi Equi os fledtitur Delphinusbecaufe Del¬ 
phinus is at a confidcrable diftance from the conftella- 
tions here fpoken of, and is near the little Horfe called 
Equiniculus. 

It appears to me that the corre&ion Ihould be made 
by reading Antinous inftead of Delphinus , fuppofing the 
latter to have been written by miftake inftead of the 
former ; for the former well correfponds with the deferip- 
tion, being but at a little diftance from Ophiuchus (of 
which Vitruvius was fpcaking), and has not before been 
mentioned ; nor is it at all mentioned by Vitruvius 
among the conftellations, unlefs wc fuppole it to be here 
meant i whereas the latter, i. c. Delphinus, he has de- 

feribed before. 

(is-.*) This is an exceeding intricate and confufed 
pa ft age, and if the defeription is not erroneous, it is 
however very different from that which the modern dif- 

5 


pofal of the conftellations will authorize j infomuch that 
Galiani has thought proper torejedt the common reading, 
tranfpofe and change the words, and indeed make a new 
text of his own. The text, as I find it in the common 
editions, and in feveral manuferipts, is, “ Utrorumque 
« cnim fuperando eminent in fummo per caudas eorum 
“ efle dicitur j item Serpens eft porre&a equa ftella qua: 
“ dicitur Polus, plus elucet circum caput majoris Septen- 
,c trio, nau^ue,” &c. 

Galiani has altered it to “ figurantur utrorumque enim 
<c fuperando eminent in fummo equa ftella quas dicitur 
<c Polus, plus elucet circum caudam minoris Septentrionis, 
“ per caudas eorum efle dicitur item Serpens eft: porrefta, 
€t namque,” &c. 

As no part of the current text, one word excepted, 
contraditts the ufual reprefentation of the conftellations on 
the globes, I have adhered to it in the tranflation. I 
would change only majoris for minoris; becaufe the ftars 
in Draco environ the head of theLefler Bear rather than 
that of the Greater, and the copyifts may eafily have mif- 
taken one of thofc words for the other. The fenfe then 
of the paflage may be this : t( for both are exceedingly 
« confpicuous above by their tails ; alfo the Serpent is 
cc extended from that ftar that is called Polus, and fliincs 
" more about the head of the Lefler Bear.” 
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Aries, are the ftars forming a triangle of equal fides. In Septentrio Minor and Caffiopeia 

>!« 

there are alfo many fcattered ftars. 

Having fpoken of thole conftellations that are difpofed in the heavens to the right of th 
eaft, between the Zodiac and the north, I fhall now defcribe thofe that are fituated by nature 
in the louthern parts, to the left of the eaft. 

f 



CHAPTER VII. 

# 

9 

Of the Conftellations on the South of the Zodiac. 



i# 


IRST, under Capricornus is the fouthern Filh, looking toward the tail of the Whale: 
from thence to Sagittarius the place is void. The Altar is under the fling of Scorpio. Toward 
Libra and Scorpio are the fore parts of the Centaur, holding in his hands that which aftronomers 
call the Beaft. Near Virgo, Leo, and Cancer, the Hydra winding through a range of ftars, 
begirts the place of Cancer, eredting his beak to the Lion ; and in the middle of his body 
fupporting the Cup : under the hand of Virgo lies its tail, on which is the Crow. Thofe 

Z)|t 

(ftars) that are on its Ihoulders are equally bright: under the belly of the Hydra, at its tail, 
is the Centaur. 



(i3*)Galiani has here again altered the text, changing 
CaJJiopeia to Cephei: for he having tranflatcd confuj* by 
(immune *, making the text fay et there are many ftars com- 
“ mon both to Septentrio Minor and Cepheus,” he 
was obliged to change the name of the conftellation to 
make the text agree with his idea. 

But as the word confuja may bear the meaning I have 
given it, the text may, without any imputation of error, 
remain unaltered. 

(i•) Cauda profpiciens Ccphea are the words in the 
printed editions j but it is univcrfally agreed that they 
are erroneous. Philander, who is followed in this by 
many others, is of opinion, that the original words were 
can dam profpiciens CV/r, fignifying that the fifli is looking 
toward the tail of the Whale: as is the fa« 5 V, according to 


the modern globes; for Cepheus is at lo great a diftance 
among the northern conftellations, that it is not probable 
Vitruvius Ihould allude to him in this place, where he is 
treating of the louthern conftellations. In feveral manu- 
feripts I find the words arc caudam profpiciens Cepbei; fo 
that very likely the error may be in the laft word only, 
which may have been written inftead of Ceti. 

Perraulc tranflates it thus —and its tail is turned toward 
Sagittarius ; accepting the word to be Cemaurum, inftead 
of Ccphea, and then underftanding Sagittarius to be 

thereby fignified. 

•* 

(i*) Perrault fays it is not eafy to guefs whofe (boul¬ 
ders Vitruvius here fpcaks of \ for there are no bright ftars 
on the Ihoulders of Virgo, which neverthelefs feem to be 
thofe that are deferibed in the text. 

B h 
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Near the Cup and Leo is the Ihip called Argo, whofe prow is invifibie 5 but the mart, and 
thofe parts that are next the fteerage, are plainly feen. The poop of the fame ihip joins the 
point of the Dog’s tail. The lefler Dog, under Gemini, goes before the head of the Hydra; 

b 

the greater alfo follows the lefler. Orion is deprefled tranfverfely under the hoof of Centau- 

44|t 

rus, holding it with his left hand, and raifing the club in his other hand to Gemini. The 

head of the Hare, which is at a little diftance from the Dog, is his footftool. Under Aries 

and Pifces lies the Whale, from whofe creft narrow ftreams of ftars, which the Greeks call 

j tiermedone, extend to both the Fifties ; and from that great diftance the ligature of the Fifties 

6 * 

reaches to the top of the Whale’s creft. Eridanus flows in the form of a river of ftars, 
taking its beginning from the left foot of Orion. The water that is poured from Aquarius 

0 

„uns between the head of the fouthern Fifti and the tail of the Whale. 


The appearances of the ftars, figured and formed in the heavens by nature and the Divine 
IMind, as the philofopher Democritus believes, I have now explained. But we can only ob- 
ferve and difeover fuch of them as rife and fet; for as Septentrio turns around the cardinal 
axis (the north pole), without fetting or pafling under the earth, fo around the fouthern car- 


G all am reproves Perraulc for this idea, and obferves 
that Vitruvius is here fpeaking of the Serpent, i. e. Hy¬ 
dra, not of Virgo; intimating that it is the fhoulders 
of the Serpent that Vitruvius means, and to which we 
mud look for the ftars equally bright that he mentions. 
We feem deftined to differ from each other ; and in this 
I muft differ from both Galiani and Perrault, believing 
that the fhoulders of the Crow are here meant: for Vi¬ 
truvius is fpeaking of the Crow, which he has juft before 
named ; and on whofe fhoulders there are, in fa6V, two 
large ftars of equal luftre ; whereas there are no fuch 
ftars on the Serpent, or Hydra; nor can the term 
fhoulders be properly applied to ferpents, whofe bodies 
are not formed with any part like a fhoulder. Galiani 
feems to have been aware of this, and has tranflated Jca- 
pulas , the back, not the Jhculders, which it properly figni- 

fies. 

(3*) Thisfhould undoubtedly be 'Taurus , not Cetitau - 
rus: the fituation of the two conftellations plainly prove 
it to be an error, as is obferved by all the commentators ; 
for Vitruvius has before mentioned Ccntaurus to be near 
Libra and Scorpio; and here he fays, Orion extends one 

hand to Gemini j he cannot therefore be near Centaurus. 

♦ 

► , 

(4*) " Orion vero tranfverfus eft fubjctftus^reffus itn- 


ee gulaCentauri (Tauri), manu keva tenens clavam alteram 
<g ad Geminos toUens.” Thefe words have been generally 
underftood to fignify that Orion is fituated under the hoofs 
of the Bull, holding in his left hand a club, and extending 
the other to Gemini; direltly contrary to the ufual repre- 
fentation, in which Orion holds the club in his right hand, 

extending the fame to Gemini. 

/ 

Galiani has therefore inferted the word clypeum between 
tenens and clavam , and changed alteram to altera , thus 
making the text fay that Orion holds a fhicld in his left 
hand. But without altering the text, by making the flop 
after tenens , it will agree with the reprefentation on the 
ancient globe, in which Orion is reprefented holding a 
mantle in his left hand, clofe to the hoof of Taurus, and 
raifing the club in his other hand to Gemini. Galiani'* 
alteration of the text is therefore unneceffary. Perraulc 
alfo in his notes has miftakingly faid that Orion holds the 
club in his left hand, raifed toward Gemini; whereas he 
holds the club in his right hand. 

(5*) The text has here ferpentium , by which is fup- 
pofed to be fignified the fifties of which Vitruvius is now 
fpeaking. 

(6*) So named from the river now called Vo. 








dinal point, which by the inclination of the heavens is fituated Under the Earth, there are 
other conftellations revolving that are unfeen, never riling above the Earth ; therefore their 
appearances, on account of the intervention of the Earth, are unknown* Of this the ftar 

70 ' * 

Canopus is a proof, which is not known in thefe countries, otherwife than by the reports of 

\ 

the merchants who travel to the extreme parts of Egypt, and near to the utmoft limits of the 
Earth. 

4 

I have thus treated of the revolutions of the heavens around the Earth, of the twelve figns* 
and the difpolition of the northern and louthern conftellations, as they are feen; becaufe, by 
the rotation of the heavens, the contrary courfe of the Sun through the figns, and the equi- 

i # 

notftial lhadows of gnomons, the conftrudfcion of the anallemnas is to be found. As for the 

other part of aftrology, concerning the influence of the twelve figns, the five planets, and the 

Sun and Moon, upon human life, it is to be left to the Chaldeans, to whom belongs the 

** 

fcience of genetbliologta , fo that they can difeover, by the afpedls of the ftars, both the paft 
and the future. The accounts of their difeoveries, which they have left in writing, prove 
their judgment and ingenuity, and what great men the nation of the Chaldeans has produced. 

90 

Firftly Berofus, who fettled in the ifland and city of Coos, and there eftablifhed a fchool. 

4 

Afterward came Antipater and Achinapolus, who left a treatile on the art of Genethliologia, 
not from the birth, but from the conception. Of natural things, Thales the Milefian, Anaxa¬ 
goras the Clazomenian, Pythagoras the Samian, Zenophantes the Colophonian, and Demo¬ 
critus the Abderite, have written ; and have left their do&rines concerning the caufes by which 
things are governed, and how they produce their effedts. 


The dilcoveries of thefe men were profecuted by Eudoxus, Eudaemon, Calliftus, Melo, 
Phillippus, Hipparchus, Aratus, and others, who by aftrology, and the ufe of the parapeg- 
matum, difeovered the rifing and fetting of the ftars, and the indications of the weather ; and 
have left them explained to pofterity. The knowledge of fuch men is revered by mankind j 
for fo great is their judgment, that even, like divinities, they pronounce beforehand the 
weather that ftiall afterward happen ; wherefore thefe things ought to be committed to their 
care and application. 


(7*) A large ftar in the conftcllation of the Ship. 
Pliny, b. 2. ch. 70, obferves, that it is not feen in Italy, 
but is juft feen at Rhodes. 

(8*) The fcience of foretelling future events in the 
lives of mankind, and the ftatc of the weather. 


(io^ 1 ) Perrauit writes Euclucmon, Calippus, Me’to, 
which arc the names of aftronomers mentioned by Ptole¬ 
my. 

(11*) An aftronomical inftrumenr, according to the 
opinion of fomej according to others, a brafs table con¬ 
taining aftronomical reprefentations. 


(9*) An id and in the Archipelago, near Rhodes. 
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CHAPTER VIII. 


N 


9 


Of Sun-dials, and of the Equino£lial Shadow of Gnomons at Rome and 

% 

fome other Places, with a Defcription of the Anallemna. 


JFROM thefe men we derive the principles of dialling, and are enabled to explain the 
caufes of the decreafe of the days in each month, as alfo the depalations ; for at the time of 
the equinoxes, when the Sun is paffing Aries and Libra, the gnomon having nine parts, its 
ihadow will have eight in the latitude of Rome. At Athens, the gnomon having four 

1% 

parts, the ihadow will have three. At Rhodes it is as five to feven. At Tarentum, as nine to 
eleven. At Alexandria, as three to five: and fo in all other places, according to their iituations, 
the equinoctial ihadow of the gnomon is obferved to be different. Wherever therefore fun* 
dials are to be defcribed, the equinoctial ihadow, at that place, muft be taken. 


Fig. LXIX. 


fame 


• 3 ¥(c 

of the gnomon, a line is defcribed on a plane, and from the middle, pros crib as y 


is to be ereCted that which is called the gnomon ; and from the line which is on the plane at 
the end of the gnomon, a fpace equal to nine parts is to be meafured thereon with the com- 

pafies; and in that place, where the mark of the nine parts happens, as at the letter a 

# 

center is to be fixed. Then extending the coropaffes from this center to the line of the plane, 
where the letter B is, a circle is defcribed, which is called the meridian ; then of the nine 
parts which extend from the plane to the center (at the top) of the gnomon, eight are taken, 
and marked on the line that is in the plane, at letter C $ this will be the equinoctial Ihadow of 
the gnomon : and from the mark at letter C y through the center a line is drawn, which 
will be the ray of the Sun at the equinoxes. Then from the center, opening the compaffcs 
to the line on the plane, fet that meafure from the plane on the circumfercnt line, on either 



(*i) This word is m fome manuferipts written ex- 
planat tones. Some fuppofc it to fignify the method of 
finding the increafe and decreafe of the Ihadow of the 
gnomon ; coming from the word palor t to firaggle, or 
wander irregularly : or it may fignify the unequal and 


I I various divergence of the hour lines. 

' (a 1 *) Pcrrault tranflates it os nine to feven—by miftake, 

I I fuppofc i for the words arc ad feptem libodo quinque. 

1 0 ,y ) At right-angles, or perpendicularly. 
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fide, where the letter E is on the left, and /on the right fide; and from thefe points a line 

is drawn through the center that divides the two femicircles: this line is by the mathemati- 

# 

cians called horizon. 


Then taking the fifteenth part of the whole circumference, and placing the central foot of 
the compafles in the circumferent line, at that point in which it is interfered by the line of 

V 

the equinodtial ray, where the letter F is, marks are made to the right and left, where the 
letters G and H are, through which, from the center, lines are drawn till they meet the line 

1 0 

on the plane, at the letters T and R y which will reprefent the rays of the fun, the one at 

4 # ' # ’ 

winter, and the other at fummer. Oppofite to the letter E y where the circumference is inter¬ 
fered by the line drawn through the center, will be /; oppofite G and H will be the letters 
ATand L ; oppofite C, F> and A y will be the letter N: then diametral lines (chords) are drawn 
from G to L y and from H to K> the inferior of which will be the part of fummer, the fu- 
perior that of winter. 


Thefe chords are divided in the middle at the letters M and 0 9 where centers are made, 

4 

through which, from the center j4 9 a line is drawn to the extreme circumferent line, 

Rig* LXIX. 

where the letters P and J^are ; this line will be at right angles to the equinoctial 

ray, and is called by the mathematicians axon : from thefe centers, extending the compafles 

, • * 

to the extremity of the chords LG and KH y two femicircles are defcribed, one of which will 
be for fummer, and the other for winter. Then in the places where the parallel lines interfeCt 
the line which is called horizon, on the right fide is the letter S 9 and on the left and from 
the extremity of the femicircle at G a line parallel to the axon is drawn to the left femicircle, 

5 # 

where the letter H is, which parallel line is called lacotomus ; then the central foot of the 

9 

compafles being applied at that place, where it interfedls the equinoClial ray, at the letter X 9 
and the other foot extended to that point where the fummer ray cuts the circumference at 


the letter H, at the center in the equinoctial, with the fummer interval, the circle HGC of 
the months, which is called wanacus, is defcribed : thus we fliall have the figure of the ana- 
lemna. 



(4*) This fuppofes the inclination of the ecliptic, at 
the time of Vitruvius, to be 24 degrees, which is the 
fifteenth part of the whole circumference j that inclination 
is found to be at this time 23 degrees and -J- nearly, or 
-.3° 28' which favours the opinion of a gradual dimi¬ 
nution in the obliquity of the ecliptic. 

* 

(V) Turn elms reads Iciotomus , cutting the left; as 


this line cuts the left or fummer ray, JR. 

(6*) By dividing this circle of the months into twelve 
equal parts, for the fituation of the Sun in the twelve 
months of the year, or figns of the zodiac, the noon 
(liadow of each month may be founil ; for by marking 
on the line IIG the direct diftances i.s, 3.4. of thole 
divifions from the cquino&ial ray, thole marks will re- 
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This being defcribed and explained, either by the lines of the winter, or the fummer, or 
the equino&ial, or even of the months, the projedlion of the hour lines may, from the ana- 
lemna, be drawn; and many different kinds of dials may be contrived and defcribed by the 

means of this device: for the effedt of the deferiptions and figures of all of them are the 

0 

fame ; the equino&ial, as well as the winter and (fummer) folftitial days, being equally di¬ 
vided into twelve parts. Thefe figures are not omitted from negligence, but to avoid 
offending by too much writing. I fhall relate, however, by whom the feveral kinds of 
dials were invented ; for neither can I difeover a new kind, nor will I publifh thofe of 
others for my own : I fhall therefore mention thofe that have come to our knowledge, and 
by whom they were invented. 




Of the Conftru&ion and Ufe of Dials, and of their Invention and Inventors. 

T 

JL HE femicircle excavated in a fquare, undercut to the inclination of the climate, is 
faid to have been invented by Berofus the Chaldean# The Scaphe, or Hemifphere, by Arif- 
tarchus the Samian, as alfo the Difcus on a plane. The Arachne by Eudoxus the aftronomer, 
although fome fay by Apollonius. The Plinthium, or Lacunar, one of which is in the Circus 
Flaminius, by Scopas the Syracufan. The Pros ta hiJlor*mena by Parmenion. The Pros pan 
clitna by Theodofius and Andreas. The Pelecinon by Patrocles. The Cone by Dionyfiodorus. 
The Pharetra and other kinds by Apollonius. Many others alfo, as well as thofe above 
mentioned, have been invented, as the Gonarch, the Engonatos, the Antiborceum; as like- 
wife the pendent travelling kinds, of which many authors have written, and from whole 


prefent the diftancc of the Sun from the equinoctial in 
each refpettive month. Wherefore drawing lines from 
the top A of the gnomon, through thofe marks, to the 
plane li?, the length of the noon fhadow in each month 
will be thereby determined. 


(7*) This paflfage is a confirmation of the fa£V, that the 
antients divided the day, whether long or fiiorr, into 
twelve hours, beginning at fun-rife, and ending at fun- 
fet, and their dials were formed on that principle. See the 
following chapter. 
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books whofocver will may learn the conftru&ion, provided they linderfland the ahaleihha. 
There are alfo Water dials, invented by the fame authors : the firft of this kind was by 
Cteiibius the Alexandrian; who alfo explaihed the nature of the air* and the art of Pneuma¬ 
tics, But it may be worthy of attention to know how thefij were difcovered. 


Cteiibius was born at Alexandria; his father wafc d batter; tie being ihgtriious, and 



(i*) The precife form and conftru&ion of the dials 
here mentioned cannot now be, with any certainty, de¬ 
termined or explained* Some conjectures only concern¬ 
ing them may be made from their names. The Scaphe, 
from the general meaning of the term, we may conclude 
Was a hemifphere of the concave kind. The Difcus, for 
the fame reafon, was probably a dial formed as a hori¬ 
zontal circular plane. The Arachne, like a fpider’s web. 
The Plinihiutn is in fome manuferipts written Pantium ; 
and 1 Lacunar Baldus would alter to Laterem , as more 
fuitable in its meaning to Plinthiuin , exprefling a cubical 
or folid body, which is fuppofed to be the form of the 
dial here mentioned; Whereas the term Lacunar is ex- 
preffive of a hollow, or excavation* The Pros pan clima 
is a dial fo conftruCted as to fuit all climates: but what 
fort the Pros ta biftormena fignifies, is not agreed on * 
fome fuppofc that the term exprefTes a kind of dial made 
for all parts of the earth that were known, or mentioned 
in hiftotical or geographical deferiptions. The Peleci- 
non, or Ax—and the Pharetra, or quiver, were probably 
dials of a form like thofe inftruments. The Gonarch 
and Engonatus, to guefs from the meaning of the wotds, 
may have been of the angular kind* And the Antibo- 
raum an antartic or fouthern dial, or one difpofed to the 
fouth. 

In Poleni’s Exercitationes Vitruviana is an attempt to 
difeover the Hcmicycle of Berofus, by Jacob Ziegler; and 
in the Giornale de’ Litterati, for the year 1746, is alfo a 
comment on an antient dial found at Frafcati in Italy, 
by P. Bofccvick, who fuppofes it to be that called the 
Hemicycle of Berofus. Mr. Stuart likewife found at 
Athens an antient fun-dial that fo well agrees with the 
fiiort defeription Vitruvius gives of this Hemicycle, that 
it is not improbable it may be the fame. It is repre- 
fented at Fig. 7 . AX A BCD is the front elevation, AMNF, 
the fedlion through the middle, and AOPB the upper 
furface, or top. The dial Bands on the fouthern fide of 
the rock of the Acropolis, and is a little disjointed from 
the bufc on which it was originally fixed. 

Mr. Stuart has given an engraving of it in the Vignette 

6 


of the fourth chapter of his fecond voltlme of Athenian 
Antiquities, but without the figures: I have therefore in¬ 
ferred \t here with the figures/m order to preferve this curious 
reiick of antiquity*— ; The plane ABCD is fiippofed to be 
parallel to that of the equator; its inclination from the 
perpendicular is 36° 57', by Mr. Stuart's meafuremenc; 
although according to Vitruvius (who in the foregoing 
chapter fays the equinoctial fhadow at Athens is to the 

_ l ^ V s 

gnomon as 3 to4) it fhould be 36° 43'. This difference* 
Mr. Stuart fuppofed, might be owing to the upper 

furface of the dial being fo much injured by the weather* 

1 « 

as made it impoffible to meafure it accurately. The 
line EF inclines about 8° 45' from the perpendicular. 
The hour lines are all equidiftant. The line GG (hews 
the winter folftice, HH the equinoctial, and AE the 
fuiiimer 


The ghotntm, or flyle, was probably a 
horizontal bar, fixed on the top, and of fuch a length 
that the end of its lhadow reached to the line AE at the 
fummer folftice, and to the line GG at the winter folftice. 
The meafures arc in Englilh feet and inches,- 2 nd all that 
were in Mr. Stuart’s fketch are here inferted.—-Another 
antient dill (No. 2, Fig, LXX.), formed on the fame 
principle, but of a fmaller fizey is at the carl of fief- 
borough’s at Roehampton, and is a very valuable piece 
of antiquity. The inclination of the plane AB (fuppofed 
to be that of the equator) is about 31 degrees from the 
perpendicular, which is the latitude of Alexandria in 
Egypt; wherefore it is probable this dial was made for 
that antient city. The centre from whence the hour 
lines iffuc, is a little above the prclcnt top of the ftone; 
probably fo much as was equal to the thicknefs of the 
gnomon,whichy by the holes yet remaining, feems to have 
been there fixed. The intervals *,/, g t of the hour lines 
at either extremity, are lefs than thofe in the middle at i: 
but this may be owing to the figure of the excavation not 
being truly fe mi circular j for* had it been fo formed, I 
find by trial that the intervals would have been all equal. 
This however is not the rale in the Athenian dial; for 
the intervals therein are all equal, although the curve of 
1 he excavation appears to be parabolic. 
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withal exceedingly induftrious, was called t€ the delighter in works of art.*’ Endeavouring to 
fufpend a fpeculum in his father’s {hop, lb that it (hould be drawn up and down by a fecret 
line and weight, he contrived it thus: He fixed a wooden channel under the beam, and 
placed there a pulley ; through the channel he palled a cord to the angle (of the room), 
where he made tubes, down which he let a leaden ball with a firing. It happened that the 

4 

weight defcending into the narrow tubes, and comprefling the inclofed air, violently forced it 
through the feveral apertures into the open air, and thereby produced diftin€t founds. When 
therefore Ctefibius obferved that founds were produced from the compreflion and concuflion 
of the air, he firft made ufe of that principle in contriving hydraulic organs; alfo water- 
forcers, automatons, lever and turning machines, and many others of the entertaining kind : 
and from this likewife he deviled the conftrudtion of water dials. 


And firft he fixed a tube made of gold, or of a gem perforated ; becaufe thefe neither wear 

✓ 

by the friction of the water, nor produce dirt to caule obftru&ions. The water flowing 
equally through this tube, raifes an inverted bow], called by the artificers the phellos (the cork), 
or the tympanum ; to which are connected a ruler, and wheels, with teeth made exactly equal. 

Thefe teeth impelling others, caufe regular revolutions and motions: for other rulers, and 

# 

other wheels, in the fame manner indented, are by this fingle motion actuated fo as to pro¬ 
duce various rotations and movements; by which images are put in motion ; met® are 
turned round 5 Hones, or ov®, are rejected $ trumpets are founded ; and other devices dis¬ 
played. In this alfo, either on columns or pilafters, the hours are marked; which an 
image riling from the bottom fhews with a wand, during the whole day, the fhortnefs or 
length of which is daily and monthly adjufted by adding or removing of wedges. 


The Hoppers of the water, which are to regulate its motion, are thus formed : Two met®, 
one convex, the other concave, are by means of a turning machine made fo exactly, that 
one may juft go into the other. The regulator, by drawing thefe apart, or prefling them 
together, increafes or abates the influx of water in the veflel. Upon this principle the water 
dials for winter ufe are conftru£ted. If the doling or removing of the wedges ftiould not 
correfpond with the decrcafe or incrcafe of the days (for the wedges are oftentimes made im¬ 
perfect), it mu ft be thus ordered : On the column, the hours taken from the analemna are 


(V*) This word is written ton<e in the printed editions, 
but is by feveral of the commentators corrected to ov,e, 
ns it is alfo written in many manuferipts ■, I have found 
it fo in four out of five that I have examined : it is fup- 
pofeci to fignify final! Hones of an oval form, as calculi 
may have been the common term to fignify fuch ns were 

3 


globular, called by us marbles . At the 14th chapter of 
the following book, Vitruvius ufes the words calculi to- 
tuudi, Thefe Hones were probably ufed to denote the 
hour of the day, by being thrown from the dial into a 
vafe or bell. 
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to be tranfverfely defcribed, and the lines of the months marked; the column alfo is to be 
made verfatile, fo that by always turning the column to the wand of the image, which wand, 
as the image afcends, {hews the hours, it may determine, according to the refpe&ive months, 
the fhortnefs and length of the hours. 


Other kinds of water dials, which are called anaporica , are alfo made in this manner i 
The hours taken from the analemna are marked on rods of brafs, difpofed in the front from 
the center. On thefe are circumfcribed circles, bounding the fpaces of the months. Behind 
the rods, a tympanum (a wheel) is placed, in which is defcribed and painted the circle of the 
Zodiac, with the figures of the twelve figns; formed from the center, according to the fpace 
of each fign, one being greater, another lefs. Behind and to the middle part of the tympanum 
is fixed a verfatile axis; and about this axis a pliable brafs chain is wound, to one end of 
which hangs a phellos or tympanum, that is raifed by the water; and to the other end a 
counterpoife of fand, equal in weight to the phellos. Thus, as much as the phellos is 
raifed by the water, fo much the weight of fand defcending turns the axis, and the axis the 
tympanum ; the rotation of which tympanum caules fometimes the greater part of the circle 
of the Zodiac, at other times the lefler, to be in motion, thus adjufting the length of the hours 
according to the feafons. In the feveral figns are made holes, correfponding to the number 
of days in the month, by which the bulla (index), that in dials reprefents the image of the 
Sun, (hews the lengths of the hours, and moving from hole to hole, completes its courfe in 
the palling month. Thus as the Sun, traverfing the circuit of the figns, lengthens and fhortens 
the days and hours, fo the bulla in dials, by its point pa/fing contrary to the rotation of the 
middle of the tympanum, if daily transferred, flievvs the hours and days within the reprefented 
limits of the months, fometimes by a larger, and fometimes by a fmaller {pace. 


The management of the water, and the regulation of it for the operation, is done thus i 

Behind the front of the dial, inwardly, is placed a caflellum (a ciftern), into which a pipe 

* 

conveys the water, and at the bottom is a cavity : to this is fixed a brafs tympanum, having 

a hole, through which the water from the caftcllum flows into it. In this a lefler tympanum 

« 

is included, with the joints exactly turned, mafculinc and feminine, united together ; fo that 
the lefler tympanum may, like a ftopple, fit clofely in the greater, and yet be turned cafily. 
On the lip of the greater tympanum are made 355 points at equal diftances; and on the cir¬ 
cumference of the lefler orbiculc (or tympanum) is a fixed tongue, whofe tip dirc&s to the 
place of the points. Then in this orbicule is a hole juftly proportioned, which the water in 
the tympanum runs through, and ferves the work. 


The reprclcntations of thecelcftial figns arc defcribed on the lip of the greater tympanum, 

which is immoveable; and at the top is the fign of Cancer: perpendicular thereto, at the 
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bottom, Capricorn ; on the right of the fpedtator, Libra ; on the left, Aries : and the 

% 

other figns are difpofed between them, in the order they are feen in the heavens. Then when 

4 * 

the Sun is in the orbicule of Capricorn, the tongue being at the part of Capricorn in the 

greater tympanum, daily touching the feveral points, having perpendicularly the great weight 

of the running water ; this (water) forces with velocity through the hole of the orbicule into 

the vafe then receiving it: being therefore fooner filled, it diminilhes and contracts the lengths 

of the days and hours. When by the daily rotation the tongue enters into Aquarius of the 

5 * 

greater tympanum, the holes entirely defcend (depart) from the perpendicular; and the violent 

% 

courfe of the water being reftrained, the orifice difcharges more flowly: fo that, as the vafe 
receives the water lefs rapidly, it increafes the lengths of the hours. From the points of 
Aquarius and of Pifces, when, in afcending the degrees, the hole of the orbicule is an eighth 
part in Aries, the water then flowing moderately to the orifice, produces the equinoctial 
hours. 

. 6 * 

From Aries, pafling through the places of Taurus and Gemini, to the higheft point, the 
eighth part of Cancer, the hole or tympanum continuing to revolve, and arriving at the fum- 



(4*) <c Igitur cum fol fuerit in Copricorni orbiculo , 
“ lingula in majoris tympani parte,** is as it is written 
in the editions of the text, which bears the tranflation I 
have given. But I believe it fhould be Capricorno> orbietth , 
&c. interchanging the terminations of the words C*pri - 
corni and orbiculo , and placing the comma after the 
former; then, inftead of the prefent reading in the tranf¬ 
lation, it will be—“ when the Sun is in Capricorn, the 
« tongue of the orbicule, &c.” For Vitruvius has be¬ 
fore called the letter tympanum, which has the tongue, 
by the name of orbicule: and it leems more probable 
that the fame appellation is here applied to the fame 
thing, than that it Ihould be given to the fign of Capri¬ 
corn, which is but a portion of a circle, and therefore not 
fuited to the term, orbitale implying an entire circle, 

(S <k ) In all the trannations, the word major is in this 
place is rendered miuoris ; but unnecefiarily, a3 I believe. 
The tranflators allege that t( Vitruvius has before faid 
“ that the greater tympanum was immoveable, and yet 
“ that it is fpolccn of as moving.'’ This feems to me not 
to be the fa£V, and that the pattage may be umlerflood 
in the manner I have rendered it, 

'Jdie following pare of this pattage is probably alfo mif- 
conflroed : il Cunttta defeendunt foramina perpendiciilo, 
“ & aqu;e vehementi cm fu cogitur tarditia cmittere fatten- 


“ tem.” This is made to fignify (except in Penult’s 
free tranflation), “ all the holes fall perpendicularly, and 
by the violent courfe of the water the pipe difcharges 
€< more flowly which is a fenfe direftly contrary to the 
effeft of the mechanifm, as deferibed in the other fen- 
tenccs : for they exprefs that the more violent courfe of 
the water caufes the pipe to difeharge fatter. 

Cogitur is here I think to be underttood in the fenfe of 
checking or reftraining the force of the water j and in that 
fenfe the pattage will agree with the context, and fignify 
that the courfe of the water is made lefs violent by the 
place of the hole being changed j and for that reafon the 

4 

orifice difcharges flower. 

The word dejeendunt however may be an error, and 
written inflead of dijcedunt y as Philander fuggefts } for the 
holes cannot be faid to defcend, the tongue and'hole of 
the leficr tympanum being already at the lowett point, and 
in moving from thence mutt attend, as Vitruvius ex- 
prefles in the next fentcnce (gradibus Jean den s '); but the 
holes by that motion may be faid to depart from being 
perpendicular to each other; and this the word dijccdunt 
will fignify. 

(f) v ) It may be ufeful to mention as a caution, that in 
Perault’s tranflation all the words relative to the equinox 
of Aries, and the figns Taurus and Gemini, are omitted. 
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mit, the power relents, and flowing more flowly, enlarges the {paces, and produces in the fign of 
Cancer the folflitial hours. Defending from Cancer, through Leo and Virgo, to the point 
at the eighth part of Libra, it gradually leflens the times, and contracts the hours 5 and thus 
arriving at the points of Libra, caufes again the equinoctial hours. The hole Hill palling down¬ 
ward through the traCts of Scorpio and Sagittarius, returns again to the eighth part of Capri¬ 
corn, when, by the celerity of the ftream, the fhortnefs of the winter hours is produced. 

♦ 

The apparatus and methods ufed in the conftru£tion of dials, I have defcribed as well as I 
have been able. It now remains to treat of machines, and their principles ; of thefe therefore, 
that the entire iyftem of Architecture may be completed, I fhall write in the following book. 


t 

END OF. THE NINTH BOOK. 
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PROEM. 

% 

T N that large and noble city of the Greeks, Ephelus, an old law, it is laid, was eftabliihed 
by the antients ; of which the conditions were fevere, but not unjuft: for the architect, 
when he received the charge of a public building, was obliged to deliver an eftimate of the 
expence, and afiign over his goods to the magiftrates, till the work fhould be completed. 

This done, when the expence agreed with the eftimate, he was rewarded with decrees and 

# 

honours; alfo, if no greater fum than a fourth part more was expended in the work, it was 
added to the eftimate, and fupplied by the public; nor was any penalty incurred : but when 
more than a fourth was expended, his goods were feized, to make up the fum. I wifli, to 
the immortal Gods, that this law were cftablifhed among the Roman people, not only in 
public, but alfo in private edifices, that the unfkilful might not commit impofitions with 
impunity : for thofe only who are /killed in the knowledge of the art, and are without doubt 
really profefiors of architenure, fhould be employed ; nor be fufFcrcd to lead fathers of fami¬ 
lies into profufc expcnccs, but be driven from among the good : and that architc&s them- 
felvcs, from the fear of lofing their property, might be obliged to be more careful in making 
their eftimates ; fo that proprietors might, with what they had prepared, or a little more, dif- 
chargc the coft of the building. For thofe who can provide four hundred, will cheerfully add 
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another hundred: but if they be encumbered with the addition of one half, or more, 
they lofe hopes 5 and becoming difpirited with the expence, and lofs of their property, are 
forced to defift. r 

Nor does this happen in buildings only, but alfo in the works for the {hows that are given 
by the magiftrates, of gladiators in the forum, and of plays in the theatres : in which neither 

hindrances nor delays can be allowed for, but they muft neceflarily be finiftied within the 

2 * 

limited time. Such are the feats of the Ipe&atory ; the extenfion of the vela ; and all thofe 
things which, according to the ufage of theatres, are prepared for the machinery of the 
public fpedlacles. In thefe works, great judgment and ingenuity are required j for they 
cannot be accomplilhed without mechanical inventions, and the knowledge of various 
fciences. As thefe therefore are eftablifhed, and in ufe, it feems not foreign to the purpofe, 
before other lubjedls are begun, to explain accurately their principles. 

Since therefore neither law nor cuftom enforces this obligation, and the prsetors and ediles 
muft every year prepare machines for the games; it feems to me, O Emperor, not improper, 
as I have in the former books treated of buildings, to treat in this, which finifhes the whole 
work, the precepts and eftablilhed principles of machines. 


(1*) Galiani obferves that, if there was occafion to 
wifh for fuch a law at Rome in Vitruvius’s time, much 
more fhould they now wifli for fuch a one at Naples; 
where every one who builds finds himfelf cheated, and the 
eftimate exceeded not only by a quarter or half, but by 
double or quadruple. This feems to be a very general 
cafe i it is indeed highly probable that a building will 
in all cafes exceed the eftimate previoufly made of it, 
although done with all poffible exadtnefs and circum- 
fpe&ion ; for it may not be poflible to forefee every cir- 
cumftance that will occafion expence ; and wherever a 
great number of men are employed, accidents, miftakes, 
and inadvertences, will happen, which it is impoflible to 
forefee, or prevent: and fometimes even the alterations 
of the inclination in the proprietor may operate 10 oc¬ 
cafion an incrcafe of expcnce beyond what was firft calcu¬ 
lated* as well as difhonefty, and a predeterminate intention 
to deceive, in the workmen. 

0 

(a*) At note 8, ch. 6, b. 5, it is remarked, that Vi¬ 
truvius there alluded to fome kind of coverings that were 
laid upon the ftone degrees of the theatres, at the times 
the games were performing. The word Jcdcs> feats, in this 
paflage, 1 fuppofe to fignify thofe coverings which were 

3 


of boards, mattrafles, &c. and were probably provided, 
or at leaft fixed upon the degrees, by the workmen (ac- 
cording to an eftimate) every time the theatre was ufed. 
That fome temporary kind of feats are here meant, is 
evident from their being mentioned with the vela } which 
was a temporary awning fpread over the JpcRaculum (or 
part where the fpettators fat), as a Iheltcr from the 
weather during the performance. Perault and Galiani, 
prepofiefled with the opinion that Vitruvius lived before 
the time fuch coverings became in ufe, endeavour to 
reconcile this paflage to their ideas. Perault, however, 
admits that fome temporary feats muft be here meant by 
the words JcdcsfycElaculorum, Galiani fuppofes they fignify 
an entire temporary wooden theatre, or the degrees of 
one, built in fome forum, &c.; an idea which the fenfe 
and purport of the paflage will not admit: for Vitruvius 
oppofes them to buildings, by faying falfe eftimates are 
given in thofe things as well as in buildings. 

On the firft: difeovery of the theatre of Herculaneum 
in Italy, the degrees were found to be covered with wood, 
according to the account of the Marquis di Venuti, who 
fays the faid degrees appeared like a wooden ftaircafe, but 
too high for ft airs. 
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Of Machines and Inftruments, and of their Origin and Ufe. j 

* 

A MACHINE is a compofition of timber, its u(e being chiefly for moving of great 

i* 

weights. It is moved by the fkilful rotation of circles, which the Greeks call cyclicen 
einejin . One kind of thefe is called fcanforiutn, which by the Greeks -is called acrobaticon; 
another, fpiritale y which they call pneumaticon $ and a third, traftorium , which the Greeks 
call banaufon . 

The Scanforia are machines fo contrived, that beams being eredled, and tranfverfe pieces 

bound thereto, they may without danger be afcended, for the purpofe of reconnoitring. 

# 

The Spiritalia are thofe in which the preflure of the air gives the impulle, and by which 
motions and organical founds are produced. The Tra&oria are thofe by means of which 
weights are drawn forward, or are raifed aloft. The pra&ice of the Scanforia depends not fo 
much on art as on courage. Thefe machines are fecured with chains, tranfverfes, platted 
ligatures, and fupporting props. In thofe in which the power of the air is ufed, the effect is 


(i*) This is, as Perault obfervcs, an imperfedt defini¬ 
tion of a machine, which may undoubtedly be made of 
any materials. But it is to be underftood as an explana¬ 
tion of what Vitruvius means by the word machine , and 
allowance made for the ideas of the times. 

(2*) The meaning of the words ad apparatus Jpetla- 
tioncm , which 1 have tranflated for the purpofe of recon¬ 
noitring, is contefled. Barbaro, Perrault, and I, agree 
in opinion : but Galiani thinks the words fignify, that 
thefe machines were to raife men aloft, for the pur¬ 
pofe of viewing the public games and fpc&acles j which 
opinion feems improbable, ns the undents had regular 
theatres for that purpofe ; and it is not likely chat a 
number of people, nflcmbled on thofe occafions, fliould 
be raifed on machines, that (Vitruvius fays; were only 
fecurcd with chains and ropes: thefe indeed would be 


fufficient to fupport one or two foldiers to reconnoitre 
and look over the walls of a belieged town. At the 19th 
chapter of this book, Vitruvius mentions the afeending 
machine (ajeendentem maebinam) as one of thofe machines 
of war that raifed men from the ground to the top of the 
enemies walls. And, at the sad chapter, fpies are called 
Jpcculatores—cum a Jpcculat or tbits. 

Vegctius alfo, 1 . iv. c. 21, describes a machine by the 
name of tollcno , for a fimilar purpofe, nearly agreeing 
with this in defeription. Apollodorus and Heron, treating 
of machines, deferibe that ufed for overlooking the ene¬ 
mies walls, which exactly anfwers to the idea Vitruvius 
gives. 

It appears therefore probable that the fcanforia were 
thofe machines that were ufed for reconnoitring befteged 
towns j and not for the puipofc of viewing the public 
fhows and fpcflacles, as Galiani imagines. 
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obtained by the fubtilties of art. The Tra&oria, however, have greater and more ex ten five 
ufes; and if managed with fkill have the greateft power. Of thefe, fome are moved mechanic 
cally and others organically. 


Between machines and inftruments (organa) there leems to be this difference : machines 
are made to produce their effect by means of many operations, or by greater forces, like the 
baliftas, and fcrewing prefles; whereas inftruments, if judicioufly managed, with one operation 

3* 

perform the intention, as in the fcorpions, or the rotations of anifocycles. Both inftruments 
and machines are ufeful, and without them no work can be expedited. All mechanifm is 
derived from Nature, and eftablifhed by that governefs and miftrefs of the world, in the revo¬ 
lutions thereof. This we may chiefly obferve and admire in the continual courfe of the Sun, 
of the Moon, and alfo of the five planets ; which unlefs they were mechanically moved 
around, we fhould neither have the earth illuminated, nor the fruits thereof ripened. The 
antients obferving this, took example from Nature, and imitating thofe divine works, con- 

A 

trived the conveniences of life; fome therefore invented machines, and others inftruments, 
that by their a&ion works might be more expeditioufly performed: and as thefe were found 
to be ufeful, by ftudy, practice, and precepts they were gradually improved. 

Let us refledt on the firfl: invention neceflary to life—clothing ; how from the working 
the organical looms, which conned! the warp with the woof, the body is not only preferved 
by the covering thereby made, but alfo is ornamented, and even acquires additional dignity. 
We fhould not have fuch plenty of food, unlefs the yoke and the plough for oxen, and other 
beafts, had been invented ; and without the afliftance of windlafles, prefles, and levers, we 
could not enjoy the fweetnefs of oil, nor the fruit of the vine; neither could thefe be con¬ 
veyed, unlefs the machines of carts and waggons for land, and boats for water carriage, had 
been invented. Scales alfo, and balances, for the examination of the weights of bodies, fecure 
us from injuftice in the tranfa&ions of life. 


There are innumerable machines of which it is unnecefiary to difeourfe; becaufe they arc 


(3*) What inftruments or machines are meant by 
anifocycles, is not known : the literal fignification of the 
word is, unequal circles ; whence they are generally fup- 
pofed to be machines of the cochlea or fpiral form, per¬ 
haps ferews. The diftin&ion that Vitruvius makes between 

machines and organs, is here exprefied by machines and 

6 


inftruments; the word organ in our language having be¬ 
come chiefly applicable to the mufical wind inftrumenc 
of that name. Utenfil I once thought would fuit the deferip- 
tion, but I found it would not fo well agree with the term 
in other paflages, as in the 9th chapter following. 
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daily at hand j fvich are the Smith’s Bellows, the Rot*, Rhedse, Cifi*, Torni, and others 

1 

that are in common ufe : we fhall therefore begin to explain thofe only which rarely come 
to hand, that they alfo may be known< 






Of Traftorial Machines* 


Fig. LXXL E will firfl begin with thofe that are prepared for the erection of temples 

and public edifices, which are thus made: Three beams {AAA) y proportional to the greatnefs 
of the weight to be raifed, are provided ; at the top they are joined together with a fibula ( 5 ), 
and are ere&ed diverging at the bottom ; being by ropes tied at the top, and dilpofed about, 

a*? 

kept upright, A trochlea ( C), which fome call rechamus , is fattened to the top; in the 
trochlea are two pulleys (a a) turning on an axis : through the upper pulley the drawing rope 
is patted ; then it defeends, and pafles round the under pulley of an inferior trochlea, and re¬ 
turns to the under pulley of the fuperior trochlea; when it defeends to the inferior, and in a 
hole therein the end of the rope is fixed ; the other end of the rope pattes to the bottom of 
the machine. On the hinder face of the beams, at the place where they diverge, are fixed 
chelons {EE)> in which the ends of a windlafs ( F ) are inferted, fo as to turn eafily on its axis : 


(4-*) Thefe arc alfo the names of machines with which 
we are now unacquainted, wherefore I have given the 
originals without attempting to tranflate them. Rotas 
are fuppofed to be fome kind of machines atting chiefly 
by wheels. Rhcdfu and Cifuc were a fore of vehicles or 
chariots; the latter arc faid to have had no more than 
two wheels. The Torni were turners wheels or lathes. 

(1 '*) Fibula probably here fignifies a bolt, pin, or ferew 
( 11 ), put through the upper ends of the three beams. 

(2*) A trochlea is that which we call a block or Ihcaf, 
which Is the cafe containing a fet of pulleys, 


(3 % ) It appears by the defeription that the pulleys 
were placed under one another in the antient flieafs j in 
ours they are generally placed by the fide of each other, 
and turn on one and the fame axis. It is to be obferved, 
that this machine is reprefented by Fig. LXXI. in the 
ftate of being raifed, as deferibed in the next chapter. 

(4*) We have no term to exp refs the cbclons, which 
are the lockets or collars (A) fixed to the beams to re¬ 
ceive the axis of the windlafs. 1 find this word written 
heloma 3 ebeIonia, and cclonia, in different manuferipts. 

F f 
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the windlafs has two holes near the ends, adjufted to receive the levers (G G ). To the lower 

5 # 

rechamus alfo iron forceps (H 9 Fig. LXXV .) are fattened, the teeth of which are fitted to 
holes in the ftone ; then when the end of the rope is fixed to the windlafs, and the levers 
turn it, the rope winding itfelf round the windlafs is diftended, and thus raifes the weight 
to the height and place of the work. 



CHAPTER III. 

Of the different Names of thefe Machines, and how they are erefted. 

A 

jLjL. MACHINE on this principle, which is worked by three pulleys, is called trifpajlos ; 
but when there are two pulleys turning in the lower trochlea, and three in the higher, it is 
called pentafpajlon. If machines are to be prepared for greater weights, beams of greater 
lengths and thicknefles muft be ufed; the fibula at the top, and the windlafs at the bottom, 
being applied in the fame manner. 


( 5 *) The text has forfees ; but Philander thinks it 
ftiould be read forcipes , fignifying fome machine of the 
pincer kind, which it is fuppofed the antients ufed to 
take hold of the ftone. The inftrument now generally 
ufed for that purpofe is not of the forceps or pincer 
kind, but of a conftru&ion more fecure and more con¬ 
venient; it is called by us louts, by the French louve, and 
is reprefented by Fig. LXXII. and Fig. LXXIII. 

Another kind of thefe inftruments, ufed in France, fee ms 
to be yet more fimplc and expeditious, but not quite fo 
fafe, in cafe the rope Ihould by any accident be flackcned: 
it is reprefen red by Fig. LXXIV. Piranefi, in the third 
volume of his Antichita Roinana, afierta that he found in 
fome of the ancient buildings Hones that had holes cut in 


their upper fur faces, in fuch a form as to fuic the dovetail 
fhape of the modern louis; and from thence fuppofes that 
the antients were acquainted with that machine. 

(r*) Galiani, who has altered the titles of many of the 
chapters, has changed the title of this to « Dc alia machina 
u trattoria”—“ another drawing machine/* which appears 
to be an erroneous alteration \ for Vitruvius is evidently 
not treating of another, but of the fame kind of machines 
that he fpoke of in the preceding chapter : he here only 
mentions their names, and how they are elevated. Ga¬ 
liani has probably been led into this miftake by the 
erroneous reparation of this from the foregoing chapter. 
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Thefe being explained, the ropes called ajitarii are loofely placed in the fore 
Fig* LXXL 3* 

part ; the retinacula ( I) are difpofed at length over the fhoulders of the machine, 
and, if there be no place where they can be fattened, pofts (K) are put flanting into the 
ground, and well rammed around, to which the ropes are tied. A trochlea ( C) is then bound 
with ropes to the head of the machine, and therefrom a rope is continued to a poft {K)> 
where it is put round the pulley of a trochlea ( L ) that is tied to the poft, and from thence is 
referred to that trochlea (C) which is at the head of the machine ; where, winding round the 
pulley, the rope defcends from the top, and pafles to the windlafs ( F ) at the bottom of the 
machine, and is there fattened. The windlafs being then forced round by the levers, the 
machine without any danger raifes itfelf. Thus by the difpofition of the ropes, and joining 
the retinacula to the pofts, the machine is in a proper manner adjufted ; the trochlea and 
drawing rope being applied as above written. 



# 



Of a fimilar Machine of greater Power. 


Fig . LXXF . J[3 U T if a larger and more ponderous matt be to be railed, windlafles are not 
to be trufted; but in the fame manner as the windlafs is retained in the chelons, fo is an 
axis to be inferted, having in the middle a large tympanum [M) y which fome call rota, but 
which the Greeks call a?nphireujin y and others peritrocbon . 

In thefe machines the trochleas are not prepared in the fame, but in a different manner, 
having at the bottom and at the top a double row of pulleys : the drawing rope being patted 
through the hole of the lower trochlea (L) y fo that the two ends of the rope, when extended, 


(2*) The commentators are not agreed on the meaning 

of the word antarii, or what ropes it figniHes: fome fup- 

pofc it to be an error, and fhould be written duflarii j to 

which Galiani has altered it, thereby making it fignify 

the ropes that draw up the weight, which it probably does. 

But I find it written antarii in five mnnuferipts that 1 

have confultcd : I have therefore retained it, as it may 

have been the common name of thofc ropes at that time. 

2 


(3*) The retinacula are thofc ropes which are tiled to 
fuftain the machine cred>, and prevent its being forced 
from its pofition by the weights it draws or raifes > thefe 
ropes extend in various dircdlions from the head of the 
machine, and are fallencd at the other end to (hikes 
driven into the ground, or to any other objedt that may 
happen to be properly fituated, and be fufiicient for that 
purpofe. 
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may be equal, it is there to be bound and conne&ed with cords to the lower trochlea; and both 
parts of the rope fo fattened, that neither the right nor the left part may efcape. Then the ends of 
the rope are carried to the outward fide of the higher trochlea (c), and thrown round the under 
pulleys [d ): returning then to the bottom, they are patted round the pulleys of the lower 
trochlea (jL) on the inner fide, and thence carried on the right and left to the top of the 
upper pulleys ( e ) of the higher trochlea ; and, being thrown over from the outer fide, are re¬ 
ferred to the axis on the right and left of the tympanum, where they are fecurely fixed. 

\ 

Then winding another rope round the tympanum, it is continued to the capftan (iV), which 
by its motion turning the tympanum and axis, the ropes that are fattened to the axis are by 
thefe means extended; and thus the weight ( 0 ) is gently, and without danger, elevated. But 

4 

if a larger tympanum be placed either in the middle or at one end, without having a capftan, 

% 

the work may be more expeditioufly performed, by the walking of men therein. 



Of another Kind of Tra&orial Machine. 


nr 

fig.LXXn. A HERE is another kind of machine, ingenious enough, and expeditious in 
ufe; but it cannot be trufted in the work, except to thofe who are fkilful. It is a beam [A) 
that is ere&ed and held by retinacula ( 7 ) four different ways: below the retinacula two 
chelons (JE) are fixed ; a trochlea (C) is bound with ropes upon the chelons; under the 
trochlea is put a ruler ( D) about two feet long, fix digits broad, and four thick. The trochleas 
have three rows of pulleys in breadth $ fo that three drawing ropes are bound to the top of 
the machine: thefe are carried to the lower trochlea (L)> and thrown over its upper pulleys 
from the inner fide; then referred to the higher trochlea (0),and thrown round its under pul- 
jcys from the outer to the inner fide, when they defeend to the lower (trochlea); and palling 


(1*) The ufe of this ruler is not explained by Vitru¬ 
vius; but it probably is to fupport the upper trochlea 
at a little diftance from the beam, fo as to admit the 
pulleys to revolve eafdy, and allb to give room for the 


drawing rope9 to pafs between the trochlea and the beam, 
(a*) It appears by the defeription that the trochleas of 
this machine have three rows of pulleys in height, as well 
as three in breadth. 
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round the fecond range of pulleys from the inner to the outer fide, they are carried to the 
fecond range of pulleys of the higher (trochlea), which pafling over, they return to the 
lowed: from the lowed they are carried to the upper $ and pafling round the uppermod (pulleys), 
return to the bottom of the machine. 


At the root of the machine is placed a third trochlea (P), which is called hy the Greeks 

4 

epagonta ; by us ^artemon. This trochlea is bound to the foot of the machine, and has three 
pulleys, around which the ropes pading, are conveyed thence to the men (P) who are to pull 
them ; and fo by the power of three rows of men, the weight is, without a capdan, quickly 
raifed to the top. This kind of machine is called polyfpapon , becaufe it has many pulleys, 
which produce facility and expedition. The ufing of one beam has this convenience, that the 

a 

load may be put as much as you will either before or declining to the right or left fide. 

All the machines before deferibed, are adapted not only to thefe purpofes, but alio to the 
loading and unloading of drips ; fome being difpofed ereft, others horizontally in verfatile 

4 * 

carchejta \ fo likewife, without ercdling beams, by a fiiiiilar management of r6pes and 
trochleas on the plain ground, (hips are drawn adore. 



(3*) Our workmen alfo fometimes make ufe of a ma¬ 
chine fimilar to this, being a long leant fixed at the bottom 
in a wheel, as its bafe j and having (heaves of pulleys at 
the top, by which (tones or timbers are raifed to the height 
of the work. 

As Perrauli’s figures of thefe machines appear to be 
accurate and intelligibly drawn, I have made ufe of them 
fo far as they accord with my ideas, altering them only 
where I imagined they were mifconceived or erroneous. 

(4*) Vitruvius fpcaks of the charcbcfumy at the lafh 
chapter of this book, as being a very fimple machine, and 
ufually made by the foldiers themfclves. Some part at 
the top of a (hip’s maft was called by the fame appella¬ 
tion, as was alfo a particular kind of cup. It is fuppofed 
to have been an upright beam, with another lying hori¬ 
zontally acrofs the top, and moveable upon a hinge up¬ 
ward and downward, as well as having a horizontal 
morion around j by thefe motions therefore it could raile 
things from the ground, and then convey them to their 
intended fituation. 

The French v t rne is a machine of this kind, and is very 
ferviceablc in building, but is not 11 fed in this country. 
It may not therefore be ufckTs to Ucfcnhc it, and give a 
reprefentarion thereof. A li t J'ig- 1 .XXl'll\ is a poll lup- 
portod by the fir 11M and frame Cj on the pivot A lefts a 


long beam D D, fixed to the timbers E E and F F, and 
fupported from them obliquely by braces G G. In the 
timbers E E and FF (each of which confifts of two 
pieces bolted together laterally) are cut round holes at 
IIH, large enough to admit the poft AB, which is cut 
cylindrically in thofe places: by thefe means the whole 
triangular frame F D F refts, and may be turned upon the 
pivot A , and is preferved in its pofition by the timbers E E 
and F F, embracing the poft at 7777 . From the timber FF 
hangs a cylindric wheel 7 , large and broad enough for two 
or three men to walk in it : around the axis K of which 
is wound a rope, which pafling through the timber F F to 
a pulley at the end of the timber E, is carried to the upper 
end of the long beam DDj where pafiing round a 
pulley Dy it defeends, and is fattened to the weight L to 
be raifed. The men then, by walking in the wheel 7 , 
turn it, and wind the rope round the axis 7 C, thereby 
raifingthc weight j which, when arrived at the height re¬ 
quired, is, by turning the machine on the pivot A, con¬ 
veyed to its place in the work. 

PermuIt has, in his tranflaiion of Vitruvius, given an 
account of a machine to raife weights, that alts upon the 
principle of the roller, having (as he miftakingly aflerts) 
no trillion: a model of it is kept in the cabinet of rh? 
King of France. It confifts of a long column 
Fig. LXXFill, retting at bottom on a piv«» . 1 , .uu i"j>- 
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CHAPTER VI. 


Of Ctefiphon’s ingenious Manner of conveying heavy Weights. 

Fig. LXXIX. It is not foreign to the purpofe to explain the ingenious contrivance of 
Ctefiphon, who, when he wanted to convey the ihafts of columns from the quarry to the 
Temple of Diana at Ephefus, being unwilling, on account of the greatnefs of the weight, and 
the foftnefs of the fields in the way, to truft to carriages, or hazard the finking of the 

if 

wheels, contrived thus : He combined and united four triental pieces of timber (AB CD ): 
two {AD) interpofed tranfverfely to two (J 5 C) equal to the length of the fhaft (of the 
column): at the ends (AD) of the (faid) fhafts he inferted iron chodaces, like dovetails. 


ported upright by the frame and braces C C C, and by 
paffing through a hole at D. On the top of the column 
is fixed a tranfverfe timber F £, from each end of which 
hangs a rope EG, BG, and the lower end of this rope 

is wound about a roller G G . Ac one end, H, of this 

# 

roller, is alfo fixed and wound around it another rope, the 
end of which depends from thence to the weight /, to 
which it is fattened. At the other end of the roller is a 
large wheel K K, around which alfo a rope winds, and 
then falls to the men L on the ground. The men by 
this rope pulling the wheel round, caufe the roller to roll 
itfelf upon the ropes G B and G E , and thus as it revolves 
it attends: at the fame time the rope III, with the weight 
at the end of it, is winding around the end H of the roller, 
and drawing up the weight; which therefore attends, by 
the double motion, with double the velocity of the roller. 
This double motion mutt be confidered, and allowed for in 
the length of the cords; or elfe the roller may be made of 
a lefs diameter at the part II, fo as to retard the afeent of 
the weight. Alfo, as the two ropes II and G arc continually 
approaching each other in the rotation, that approach 
muft be allowed for in the length of the roller. 

To obviate the objection, that in this machine part 
of the power is employed in raifing the wheel and roller 
as well as the weight—at the end of the roller, next the 
wheel, is a ring A r , from winch a rope rifes to the end F 


of the tranfverfe piece F E, where, pafling over a pulley, 
it is fattened to a mafs of lead M, equal in weight to the 
wheel and roller; which by this means are counterpoized, 
and their weight prevented from a&ing againft the moving 
power. But it muft be obferved that fridlion is thereby 

4 

occafioned both in the pulley E and ring N, fo that the 
machine is not entirely without fri&ion. 

(i*) The word triental, which fignifics the third part 
of any meafurc, probably alludes to the meafure of a foot; 
but it is doubtful whether we arc to underftand by it a 
piece of timber that is a third of a foot broad and a third 
of afoot thick (which is properly the ninth part of a piece 
that is a foot fquare), or a piece of timber that is an entire 
foot broad, and a third of a foot thick (which is truly a 
third part of a piece that is a foot fquare). All the 
tranflators of Vitruvius have underftood it in the former 
fenfe: and yet it is almoft impofliblc to be fo ; for timbers 
of that fmall fcantling could not bear their own weight, 
at the length as they muft have been ; the length of the 
columns, according to Pliny, book 36, ch. 1 x, and confe- 
quently the length of the Pc timbers, being fixty feet: they 
muft in fuch a length bend to the ground, if not break in 
the middle. Secondly, the pivot and gudgeon together 
(called here cbodaces and armilla) would require to be at 
lead the third of a foot in diameter, to have fullicienc 
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fecured with lead, and fixed armillee in the timbers to furround the chodaces ; alio at the 
ends he bound poles ( F) of oak. The chodaces were fo incloled in the armills as to have 
room to revolve freely; fo that when the oxen were put under, and made to draw, the 
fhafts, by the chodaces turning in the armillae, might revolve without ceafing. 


xrv-v All the lhafts being thus carried, and the epiftyliums being alfo to be conveyed* 

Metagenes, the Ion of Ctefiphon, applied this method of conveying the fhafts to 
the tranlporting of the epiftyliums : He made wheels ( AB ) of about twelve feet, and in- 
ferted the end (C) of the epiftyliums in the middle of the wheels, with chodaces and armillae, 
in the fame manner; fo that, when the triental timbers were drawn by the oxen, the chodaces, 
being included in the armillaj, turned the wheels ; and the epiftyliums being, as the lhafts 
were, like the axle of the wheels, they were without difficulty brought to the work. Ex¬ 
amples of this are the cylinders with which they fmoothen the walks in the paleftras. But this 

could not have been done if the diftance had not been fmall; for from the quarries to the 

4 * 

Temple it is not more than eight thouland paces; nor is there any afcent, but it is a con¬ 
tinued plain field. 


In our memory, when the bale of a coloflal ftatue of Apollo in the Temple was broken by 

age, left the ftatue Ihould fall, and be alfo broken, they contracted for a bafe to be cut from 

^ % 

the lame quarry. One Paconius undertook it. This bafe was twelve feet long, eight feet 



ftrength for the purpofe s confequently they would occupy 
the whole breadth of the timber; or, allowing them to be 
a little fmallcr, they would occupy fo much of the timber 
as to leave the remainder of it too weak for its ufe. Thefe 
confiderations, therefore, oblige me to underftand the 
word triental to fignify a piece of timber that is a whole 
foot broad, and the third of a foot thick, which would 
then be no ftronger than the fervicc required. 

This obfervation may contribute to afeertain the true 
meaning of this and fimilar kind of words in other cafes. 

(2*) The chodaces feem to be pivots or pins fixed in 
the center of the ends of the (haft, as axles; and the armill<t 
to be the gudgeons or goujons let in the timbers to re¬ 
ceive the chodaces : the latter, it may concluded, were 
of a dovetail (hape only in the part that entered the (tone, 
the outer part being ncccflhrily rounded that they might 
turn cafily in the gudgeons. 

<3* ) Gnliani has here tranflnted the word epiflylium by 
loniici ; and in his notes reproves Bnrbnro and Pcrrnult 


for tranflating it architrave: becaufe, he fays, it is pro¬ 
bable not only the architrave, but the frizc and cornice 
alfo, were thus tranfported. But here, if Galiani means 
that the whole entablature, i. e. architrave, frize, and cor¬ 
nice, were carried together, he muft bemlftaken \ for, as 
the columns were 60 feet high, if the entablature was any 
thing near the ufual proportion, the Wheels cduld not 
contain it: and, if he means that they were carried fepa- 
rately, then the architrave may as well be mentioned as 
the cornice; and the word epiflylium may fignify the 
architrave , as it generally docs, Indeed it moft likely has 
that fignification in this place; for the wheels could not 
contain the cornice alone, fuppofmg it to be of the ufual 
proportion, and in one piece. Gatiani therefore muft be 
miftaken in this reproof. 

(4*) Millia pajfuum 0U0—eight thou/and paces —are the 
words written in all the manuferipts and printed editions : 
but in Chandler's Afian Travels, page 137, this paffhgc 
is corrected to millia pedum otto—eight thoufand feet \ which 
he found to be about the diftance from die quarry on 
mount Prion to the fuc of the Temple. 
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broac?, and fix feet high; which Paconius, with confident boldnefs, would not convey as Meta- 

genes had done, but upon the fame principle conftru<Sted another kind of machine. He 

made wheels [AB) of about fifteen feet, and in thefe wheels inclofed the ends 
F!g. LX XXL ' 

(C) of the ftone. Then from wheel to wheel, in their circumferences around the 
ftone, he fixed two inch fpindles ( D ), fo as not to be more than one foot afunder : about the 

fpindles he wound a rope (E) ; and the rope being joined to oxen that drew it, as it 

% 

unrolled it caufed the wheels to revolve: but he was not able to draw this in a right line; it 
always wandering to one fide or the other, fo as to require being drawn back again. Paconius 
therefore, by drawing and redrawing, confumed fo much money, that he could not defray the 

s * 

expence. 


fixth part of a foot (fextantalcs), they would have been 
too weak with that extent to have fuftained the preffure of 
the drawing rope, or even their own weight. For this 
reafon I fuppofe the wheels were placed nearer together j 
probably fo near, that one quarter of the length of the 
ftone projected beyond the wheel at each end, as I have 
ftiewn it by Fig. LXXXI. Thus each half of the ftone was 
exa&ly poifed on each wheel j and it was thus lefs liable 
to be broken by the accidents and concuflions it might 
meet with on the road. 

But, even at this diftance of lefs than fix feet, fpindles 
of two inches appear to be too weak for the purpofe (un- 
lefs they were of iron, which we have no authority for 
fuppofing). Planks of that thicknefs were more fuitablc, 
and I have ft>me fulpicion that planks fhould be under- 
ftood ; efpccially as the word /extantales is ufed, which, 
from the arguments in a note proceeding, feems more 
expreftive of pieces of a foot broad, and two inches thick, 
than fpindles of two inches diameter. Such planks would 
not be ftronger than fufficicnt to bear the prelfure of the 

rope by which the cattle drew the machine, 

I 


(5*) Some advantage, however, this machine of Pa¬ 
conius had over that of Ctefiphon and Metagenes; it had 
no fri&ion, being like a roller: and if two drawing 
ropes had been wound around the two ends, inftead of 
one only in the middle, they would, as Perrault well 
obferves, have caufed it to move in the line of draught} 
otherwife, fmall inequalities in the wheels, the irregu¬ 
larity of the road, or the drawing rope varying from the 
middle, would caufe the machine to move out of the in¬ 
tended diredtion. 

Another advantage of this machine is, that the moving 
power being applied at the circumference inftead of at 
the center of the wheel, it had on that account double the 
power to overcome the obftrudlions and impediments of 
the road, and might therefore be moved with more facility: 
but it had this difadvantage attending it, that it was necef- 
fary frequently to flop and back the cattle in order to re¬ 
wind the rope around it.—I differ from the other tranfla- 
tors in my idea of the machine. They have placed the 
wheels as far apart as the ftone, which was 12 feet long, 
would admit: but as the fpindles were no more than the 
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Of the Difcovery of the Quarry that produced the Stones for erecting the 

Temple of Diana at Ephefus. 


I SHALL make a little digreflion to relate how this quarry was difcovered. A (hepherd 
named Pixodorus frequently wandered about the place: and at the time when the citizens 
of Ephefus were confidering of building the Temple of Diana with marble, and were debating 
whether to have that of Paros, Proconnefus, Heraclea, or Thafos, Pixodorus drove his flock 
there to feed. It happened that two rams encountering miffed each other; and one ftruck 
his horn with violence againft a ftone, a fliiver of which flying off, appeared to be exceedingly 

i 

white. Pixodorus, it is faid, then left his fheep in the mountains, and ran fpeedily with the 
fliiver to Ephefus, where he related the circumftance. Upon this, honours were immediately 
decreed him ; his name was changed from Pixodorus to Evangelus: and even at this day the 
magiftrate goes every month to the place, and facrifices to him; being, if he omit it, liable to 
a penalty. 
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Of the ftraight and circular Motions of Machines for railing of Weights. 


T 


HAVE briefly explained what I judged was neceffary concerning traCtorial machines, the 
movements and powers of which depend on two principles, different and diflimilnr from each 
other, but fo agreeing, that the operation is perfected by both ; one is reCti linearity, which 
the Greeks call cuthtan ; and the other is circularity, which they call cyclotcu. But, in truth, 
neither the rcClilincar motion without the circular, nor the circular motion without the recti¬ 
linear, can be effectual for raifing of weights. This I fliall explain, that it may be more 
intelligible. 
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The axles being fixed in the pulleys as centers, and placed in the trochleas, around thefe 

pulleys the ftraight ropes are circumyolved 5 and the levers being inferted in the fucula, it is 

* 

the rotation that caufes the weight to afcend. Of this fucula, the axes, in the chelonia ferving 
as centers, are rectilinear; and the levers put in the holes of it, being at their ends moved cir¬ 
cularly in the manner of a wheel, occafion by turning the riling of the weight. 


In like manner alio, when an iron lever is applied to a weight that a multitude of hands 
cannot move, if under it, to lerve as a center, a fulcrum, which the Greeks call hypomochlion y 

if 

be laid, and the tongue of the lever be put under the weight, the ftrength of one man, pref- 
fing at the end thereof, will raife the weight. This happens becaufe the fore part of the 
lever, the fhorteft from the fulcrum, which is the center, is under the weight; and the longefl 

part is from this center to its head, which being moved in a circular line, the preflure of a 

% 

few hands poifes the great weight of the load. So likewile if the tongue of the iron lever be 
put under the load, and its head be not prefled downward, but on the contrary be lifted 
upward, the tongue, fupported by the ground, will have that as the load, and the angle of 
the fame load for the fulcrum : thus by a contrary method, although not fo eafily as by the 
fulcrum, the load will be moved. But if the tongue of the lever, lying upon the fulcrum, be 
put too far under the load, and its head be nearer the center of preflure (i. e. the fulcrum), 
the load cannot be raifed ; nor unlefs, as above written, the poifing part of the lever be the 
fartheft from the head, and not neareft to the load. 


This may be obferved in the balances which are called Jiateree (fteelyards) ; for when the 
handle, ferving for the center, is fituated near the end from whence the fcale hangs, and the 
equipoife is moved over the points on the other part of the (haft, which is the longelt, or is 
even carried to the extremity, a fmall weight becomes equal, and fuffices to balance a very 
great one, by the counterpoife and poifing part of the fhaft being the fartheft from the center j 
and thus the lighter weight of the counterpoife balancing the greater power of the load, 
gently, and without violence, forces it to rife upward. 


( 1 *) Sitpprfita uti centra citoporreRa prejfione. Pcrrault 

4 

remarks that Juppofita fliould be read impefita , flgnifying 
that the fulcrum, porreRa preJf\one y (hould be put upon 
in (lead of under the lever, in which he is certainly 
wiflnken : for ns Vitruvius fays the tongue of the lever 
is under the weight, the fulcrum mult confequently be 

under the lever; and this is fufliciently evinced by the 

I 


fignification of the Greek word bypomocblion (under lever), 
ns Galiani well obferves. Vitruvius is here fpeaking of 
that fort of lever where the fulcrum is between the weight 
and the moving power at the head of the lever; and he 
prefcntly afterwards tlcfcribea the other fort, where the 
weight is between the fulcrum and moving power. 
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Likewife a fliip of great burthen is, by the fleerfman prefling fkilfully the handle of the 

rudder, which the Greeks call oiax, turned with the ftrength of one hand, it being upon the 

# 

fatne principle of the center (or fulcrum); and this notwithftanding it be laden with the 
weight of immenle quantities of merchandize and provifions. When the fails alfo are hilng 
at the middle of the height of the maft, the fhip Cannot move fwiftly ; but when the antcnnd 
(fail yards) are drawn to the uppermcfl point, it then moves with greater celerity, becaufe the fails 
are not near the foot of the maft, which is the place of the center, but are far above, and receive 
the wind at a diftance therefrom : for, as a lever put under a weight, if prefled at the middle, 
is more difficult to be moved, but when prefled at the head eafily raifes the weight; fo it is 
with the fails—if hung at a moderate height, they have lefs power; but if placed at the maft 
head, at a diftance from the center, with the fame, not with greater wind, adting at the top- 

moft point, they force the veflel onward with more velocity. The oars alfo that are bound 

•« 

with thongs to the fcalmi (oar pins), when they are impelled and pulled back again by the 

rowers, if their blades at the extremity in the fea extend far from the center (of motion), 

they more violently force the veflel forward, its prow cutting through the liquid body of the 

**■ 

water. 



(2* ) Perrault difputes with Vitruvius concerning this 
do&rine of the fails and oars : He aflerts that, whether 
the maft of a veflel be longer or fhorter, or whether the 
fails be put higher or lower, it affeds not the motion of 
the veflel; for as the whole of it moves together, and 
there is no fixed point to ferve as a fulcrum or center of 
motion, it cannot be comparable to a lever, nor can it 

s 

a£t as fuch : that it is Amply pufhed forward by the wind; 
and the only advantage of the fails being higher, is, that 
the wind is there ftronger: but that there is alfo a difad- 
vantage therein ; for the head of the fhip is by that means 
caufed to plunge more in the water, and thereby its 
courfe will be more impeded. 

Perrault denies alfo that the oars ad as levers. To 
this latter fubjed Galiani has very well anfwcred: but to 
the dodrine of the fails he has not replied; he only fays 
he could anfwer it, as he has done that relative to the 
oars. 

A fhip floating on the water may be compared to a fuf- 
pended balance ; the body of the fhip anfwers to the beam 
or arms of the balance, and the malt to the perpendicular 
tongue or index fixed in the middle of the beam : now 
if any power be applied to the top of the index, fo as to 
afted it horizontally, it caufes it to incline forwards, and 
puts the beam out of its equilibrium; which to reflore, 
cither the top of the index mull return again to Us former 
place i or the bottom of it, with the beam, muft move 


forward, fo as to be perpendicular to the top : but if the 
top of the index be prevented from returning to its place 
by the continued preflure of the power, and the beam be 
fo fufpended that it can change its place (for inftance, if 
it were fufpended on fridion wheels, or on a cork floating 
in water), then the beam and bottom of the index will 
move forward to reftore the equilibrium. Thus, in a fhip, 
the power of the wind caufes the maft (by means of the 
fails) to incline forward, by that means putting the body 
of the fhip out of its equilibrium ; and as the wind, by 
continuing its impulfe, prevenrs the top of the maft from 
returning to its former place, the body of the (hip is 
obliged, by its own gravity, to Aide forward on the water, 
in order to recover the equilibrium 1 fo that the wind 
continually impelling the maft to incline forward thereby 
deflroying the equilibrium, and the (hip continually Aiding 
forward to recover that equilibrium, caufe the uninter¬ 
rupted progrcfllon of the veflel. 

If this be the cafe, then the longer the maft, or the 
higher the fails, the lefs power will be required to incline 
the maft, and put the fhip out of its equilibrium; and 
confequcntly the maft ads in this refped as a lever, the 
place of the fail being the mane he or handle ; the center 
of gravity of the veflel being the fulcrum ; and the re- 
flflance of the veflel to be put out of its equilibrium 
being the load. The maft then in this cafe ads not as a 
lever in prefling the fhip forward, but in pu:ting it out 
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When heavy loads are carried by phalanxes of fix or four men, they are polfed in the 
middle of the phalanx, fo that an equal portion of the weight of the undivided load may bear 
upon the fhoulders of each of the porters Therefore the middle parts of the phalanxes, which 
fecure the ftraps of the porters, are lined with iron clamps, to prevent their Aiding from one 
fide or the other : for, when they, move out of the middle, they prefs too much upon the 
flioulder of him to whom they are neareft ; in the fame manner as when, in weighing with 
the fteelyard, the counterpoife is moved toward the end of the fhaft. 


On the fame principle cattle, when their yokes are by the girths of their collars adjufted 
in the middle, draw the load equally ; and if their ftrength be unequal, and the ftrongeit 

9 

prefles the other, putting forward the collar makes one part of the yoke the longer, which 
helps the weaker beaft. It is the fame in the phalanxes as in the yokes, when the ftraps 
are not difpofed in the middle, but one fide, to which the ftrap is moved, becomes the 



of its equilibrium, and thereby being the caufe of its pro* 
greflion forward j the immediate caufe of which is its own 
gravity, and effort to regain its equilibrium, joined to the 
momentum it acquires in that aftion. The (hip mull alfo 
undoubtedly receive a confiderable degree of velocity 
from the direct prefiure of the wind upon its hull, as 
Perrault afferts; but in this way it receives as much aid 
by its body as by the fails. 

With regard to the oars, Perrault maintains that “ it 
is not upon the principle of a lever that the length of 
the oars contribute to the volocity of the veffel : for in 
a lever it is required that the longed part from the 
fulcrum fnouid be that next to the agne or mover; 
whereas in the oar it is dire&ly the contrary, the longed 
part being that toward the water.” 

There are two kinds of levers ; one where the fulcrum 
is between the load and the agent, and the other where 
the load is between the fulcrum and the agent: the oar is 
of this latter kind; the veffelis the load to be moved, the 
v..iter and the rowers are interchangeably the agent and 
the fulcrum. It is equal in effect whether the water 
pufhes the oar againd the rowers, or the rowers ngaind 
the water, piovidcd one is drong enough to refill the 
other as a hikumi. Nov/ if a dream of water run againd 
the end of an oar, the longer that oar is, the greater ef- 
fecl the water mull have upon it; ami provided the rowers 
be drong enough to wiculluml the action as a fulcrum, 
then the oar mull prefs more fmcibly upon the lide of 
the vefft I, and thus caufe it to move quicker. It will be 
the fame in tflett if the rowers pull the oar againd the 


water; for whether the rowers move their end of the oar 

from E to A (the end B being 
held at red by the refinance of 
the water), or whether the water 
moves the other end of the oar 
from F to B (the rowers holding their end firm at A ), the 
effe< 5 t upon the veffel at D will be the fame; it will in 
both cafes be moved from D to C. It cannot be alleged 
that the oar never remains at one place in the water, but 
pafies through it; for that may or may not be the cafe, 
according as the veffei moves quicker or flower : it is 
alfo equal whether the water move againd the oar, or the 
oar againd the water. 

From the above arguments it appears therefore that 
oars a£l on the principle of levers ; and that the longer 
they are, the greater effect they mud have on the veffel, 
as Vitruvius afferts: but it always is fuppofed that the 
rowers mud be more numerous, or ftronger, in proportion 
as the oars are longer, to refifl the greater power that 
the water has by that means on the oars. 

There can however be no doubt that, the longer the 
part of the oar next the rower may be, the cafier it is for 
the rower to work it. But the lhape of (hips does not 
admit of fiich a conflru&ion ; indead therefore of giving 
greater length to that part of the oar, the power is fup- 
plicd by the greater number of the rowers. 

( } v ) The phalanxes here mentioned were machines for 
curtying burdens, (iipported on the fhoulders of four or 
fix mui; thence called tetraphori and hexaphort. 
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fhorter, and the other the longer, from the center.; for if, upon the point from whence both 
parts of the ftrap proceed, the ends be circumadted, the longer part will defcribe a larger, 
and the fhorter part a fmaller circle. Thus, as fmaller wheels are harder and more difficult 
to move, fo the phalange and yokes, in thofe parts that have the fmalleft diftance from the 
center to the ends, prefs hardeft on the fhoulders, and in thofe that have a greater Ipace from 
the fame center, both in drawing and carrying, diminiftx the preffure of the load. 

As thefe receive their motion by redlilinearity and circularity, relative to a center j fo like- 

wife the Plauftras, Rhedse, Tympana, Rotse, Cochleas, Scorpions, Baliftac, Prela, and other 

machines, in the fame manner actuated by the rectilinear and circular motions, perform their 
intended effedts. 





9 


Of the feveral Kinds of Machines for raifing Water, and firft of the 

Tympanum. 


T 

JL SHALL now difeourfe of the machines that are invented for raifing of water, of which 
various kinds are made 5 and firft I ffiall fpeak of the Tympanum : this does not raife the 
water high, but it difeharges a great quantity in a little time. 



(4*) Vitruvius here fays that fmaller wheels are more 
difficult to move than larger : but this mufl be under- 
flood conditionally, and not abfolutcly ; for if the plane 
on which they move, and their own furfaces, were perfectly 
fmooth, then all wheels, large or fmall, would move equally 
cafy : or, if the axis and the obftaclcs be in the fame pro¬ 
portion to fmall wheels as to larger, the effieft will be the 
fame when loaded with an equal weight ; becaufe the 
levers by which they arc moved are in proportion to the 
obflruftions and refinances to their motion. Or, again, 
if we add to thefe conditions that there be no weight 
upon their axes, then large or fmall wheels will be moved 
with equal facility, bccaufc they in that cafe do not ail 


as levers, but as rollers, puffied or pulled onward by a 
force applied at their centers. 

But as all wheels, as well as the planes on which they 
move, have numberlefs inequalities, and their axes are 
always prefled with fome weight, they mufl all have the 
obflruftions of the road and the friftion of their axes to over¬ 
come i in doing which they aft as levers, the radius or femi- 
diameter of the wheel aiifwering to the longer part of the 
lever from the fulcrum : fo that fmaller wheels, afting as 
fhorter levers, mufl in general be more difficult to be moved. 

(1*) Vitruvius’s word is organ is ; but as that term 
would not fuit the objeft in our language, it is rendered 
machine. See note 3, in the firfl chapter of this book. 
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An axis (A) y either turned or worked round, is made, its ends being plated 

• jLxxxn. • 

with iron, and having around it, in the middle, a tympaimm (wheel) of boards 

a# 

( B ) joined together; this is placed on pofts (C), having alfo plates of iron under the ends of 
the axis. In the cavity of this tympanum eight planks (Z>) are inferted tranfverfely, touch¬ 
ing both the axis and the circumference, which divide the tympanum into fo many equal 
fpaces. Upon the front of it alfo planks are fixed, leaving apertures ( E ) of half a foot, to 

r 3* 

let in the water ; and at the axis columbaria are funk in the feveral fpaces, fo as to lead to 
one place. This, when pitched in the manner of (hips, is turned by the walking of men ; 
and receiving the water through the apertures ( E) y in the front of the tympanum, difeharges 
it again through the columbaria at the axis : fo that by placing thereunder a wooden trough 
(i 7 ), with a channel joined to it, the water is conduced to fupply gardens, fait works, and 

various other ufes. 


When water is to be raifed higher, the fame contrivance may be altered 

Fi L XXXII 

/g ' * thus : A wheel ( B ) is made round an axis {A) y of fuch a magnitude as the 

height to which the water is to be raifed, requires ; around the extremity of the fide of the 
wheel, fquare buckets (G), cemented with pitch and wax, are fixed ; fo that, when the wheel 
is turned by the walking men, the filled buckets being raifed to the top, and turning again 
toward the bottom, difeharge of themfelves, what they have brought, into the refervoir. 


But, if a place of a ftill greater height be to be fupplied, on the fame axis 

ry LXXXIII ^ ° 

* {A) of a wheel [B) a double chain ( C ) of iron is wound, and let down to the 

level of the bottom, having brafs buckets (D) y each containing a congius (feven pints), hanging 

thereto ; fo that, upon the turning of the wheel, the chain revolving round the axis, raifes the 


buckets to the top ; which, when drawn upon 
refervoir {E) the water they have brought. 


(2*) Tympanum here means a hollow cylindrtc ivkcel, fo 
called from its being fimilar to a tympanum,or drum. 

(3* ) At book iv. chap. a. the grooves or channels in 
which the timbers lie, arc called columbaria \ which gives 
us to underfland that by this word is meant fome kind of 

channels or grooves. 

(4*) Vitruvius does not inform us where the men that 
turned this wheel by their walking were difpofed 1 they 
could not be within ir, as in our wnrehoufc crane wheels, 
becaufe that part of this wheel is occupied by the water: 


the axis, become inverted, and pour into the 


Pcrrault therefore concludes that there muft have been 
another wheel adjoined for that purpofc, and reprefents 
it fo in his engraving. But as Vitruvius deferibes no fuch 
additional wheel, which would be too important a part of 
the machine to be omitted in the defeription, I am 
difpofed to believe that the operation was performed in 
fome other manner: it might be done by men walking 
on the outfide or convex furface of the wheel, having 
rails ere&cd to fecure them from accid.nta, as I have 
fliewn in my drawing, Fig. LXXXIL And this may have 
been the antient, although not the modern, method of 
working thefe machines. 
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Of Wheels and Tympanums for grinding of Corn. 


T 


HE fame kind of wheels as thofe before written are alio made in rivers. Around their 


Fig. LXXX1K 


fronts are affixed pinnae ( A)> which, when impelled by the current of the 
river, force the wheel to revolve; and the buckets thus drawing up the water, 
difcharge it at the top, without the operation of walking ; the impulfe of the river itfelf per¬ 
forming the whole work. 

By the fame means alio the hydraulce are turned; in which all the parts are the fame, ex- 

cept that on one end of the axis they have a toothed tympanum (B) included, 
Fig. LXXXIX. ' _ 3 * 

which, by being fet perpendicularly on the edge, is turned equally with the 

4* 

wheel (C). Adjoining this tympanum a larger one ( D ), alfo toothed, is placed horizontally ; 


r (1*) HydrauLe is altered by Salmafius to kydromyl *, 
water mills ; the former word may however have been 
ufed by the Romans, as the common name of all machines 
moved by water. 

(2*) Tympanum dentatum inclu/um .—Perrault objects 
to this phrafe, as exprefling that the tympanum was in¬ 
cluded within the axis, inftead of the latter being included 
in the former : but it is evident Vitruvius means as he 
has exprefled it j for he ufes the fame expreflion again 
in this chapter, and I imagine it is to be underftood to 
fignify that the tympanum is included within the extent 
of the length, not within the body, of the axis. The fame 
expreflion is again repeated at the 14th chapter following, 
where it is evidently ufed in this fenfe. 

(j' yi ) The words are, in cult rum , on the knife; a mode 
of expreflion ufed to fignify the being fltuated on the fide 
or edge : and a cohello is at this day ufecl by the Italians 
in the fame fenfe. 

(4 V ) Secundum id tympanum majus item , &c.—Majus 
(larger) is changed to minus (fmaller) by Perrault and 
Galiani; for, fay they, unlefs this laft-mentioned tym¬ 
panum was fmaller than the former, the mill-llone which 
was adjoined to it would move flower than the water 
wheel, which may be too flow to nnfwcr the purpofe, and 
is contrary to the prelent prafticc." 


All the manuferipts that I have examined, as well as 
the printed editions, agree in having majus, and not minus : 
and we ought to be cautious of altering the text in paf- 
fages where all the copies agree ; the rather as the antient 
mills may have differed from the modern ones in this 
refpeft, and yet have performed their office as well. For, 
although by fuch a conftruftion the mill-ftone would 
be moved flower, it would however be moved eafier, 
as being moved by a longer lever ; or, if the water wheel 
fliould have been fmaller than ours, it would revolve 
quicker, and thus caufe the mill-ftone to revolve as 
quickly as ours does. Or, thirdly, if the mill-ftone itfelf 
fliould have been larger, its velocity at the circumference 
may have been greater than that of a fmaller mill-ftone 
whofe revolutions were quicker, and alfo would have 
contained a greater quantity of grain under aflion at the 
fame time; fo that the intention might be as well exe¬ 
cuted by a mill of fuch a conftruffcion, as by thole in pre- 
fenc ufe. For thefe reafons it appears unneceflary to follow 
the example of Perrault and Galiani in deviating from 
the text. 

Perrault has rcprcfcntcd the mill-ftone wheel as being 
compofed of fpindles, inftead of teeth, as Vitruvius dc- 
feribes ; beenufe, he fays, they are fo at prefent: as if it 
were not poflible for the antient mills to be made cliffcreiu 
from thofe of the moderns. 
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in this is contained an axis (E), having at its upper end an iron dovetail ( F), which is inferted 
in the mill-ftone (G): thus the teeth of the tympanum ( B ), that is included on the axis, 
impelling the teeth of the horizontal tympanum (D), caufe the rotation of the mill-ftone, 
to which the fufpended hopper (f?) (infundibulum) furnilhes the grain; and by the fame 

t 

rotation the meal is ejedted. 

\ 




Of the Cochlea. 


Fig. LXXXV ,; 

and 

Fig . LXXXn. 


T 


I 

HERE is a machine of the cochlea kind, that draws a great quantity of 
water, but does not raife it fo high as the wheels ; it is conftrudted thus : A 
beam (. A) is provided, being as many digits in thicknefs as it has feet in length ; and this is 
made round. At the ends {A) the circle {ACE) is divided with compares either into four 
quarters, or eight odlants, drawing lines ; and thefe lines are to be fo difpofed, that when the 
beam is eredled level on a plain, both ends of the (refpedtive) lines {AA, BB , CC y DD y EE) 
may correfpond in the perpendicular. After this, from one end to the other tranfverfe lines 
(F) are drawn, in fuch a manner that, whatever the meafure (AB) of the eighth part of the 
round of the beam may be, fo large mu ft be the fpace (FF) between them, latitudinally. 
Thus both circumferently and longitudinally the fpaces will be equal; and thefe lines, at the 
places where they are defcribed, palling thofe that are lengthways, make interfedlions, and 
thofc interfedfions are marked by points. This being exactly defcribed, a thin ruler, cut 
from willow or agnus callus, being anointed with liquid pitch, is fixed at the firfl point of 
interfedlion {A) y from whence it is laid obliquely to the next interfedtion (2) of the longi¬ 
tudinal and circumferent lines; and fo circumvolving, and palling through every point (3, 4, 5) 
in order, it is applied to every interfcdlion, till it arrives and is fixed at that line which is on the 
eighth point (8) from the firfl, wherein the prior part of it was fixed : thus, as much as it pafles 
obliquely through the fpaces and eight points, fo much it advances toward the eighth point in 
longitude. In the fame manner, through all the fpaces of longitude and circumference, 
fixing rulers obliquely at every intcrfcdlion, and winding through the eight divifions of the 
thicknefs, they for ill channels, and an exadt imitation of the natural cochlea. On the other 
tra&s, other rulers, alfo anointed with liquid pitch, arc fixed, and added till the whole thick¬ 
nefs becomes equal to the eighth part of the length. Then upon thefe the planks (C) arc 
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fixed arovlnd, which cover the fpirals ; the planks being faturated with pitch* and bound 
with iron hoops {H ) 9 that they may not be damaged by the action of the water. The ends 
of the beam are alfo armed with plates and nails of iron; and in thefe iron pivots (/) are 
fixed. 


On the right and left of the cochlea, beams ( K) are difpofed, having tranfverfe pieces (L) 
adjoined at both ends, in which iron fockets (/) are inferted, that receive the pivots ; and then* 
by men walking ( M ), the cochlea is made to revolve. With regard to the ere&ion of this 
machine, it mull be difpofed in fuch an inclination, that it may anfwer to that defcribed in 
the right-angled triangle of Pythagoras, that is, the length being divided into five parts, the 
head of the cochlea (/) is elevated equal to three of thofe parts ; fo that, from the perpendi¬ 
cular thereof to the lower holes, will be the /pace of four parts. The manner in which this 
may be done, is {hewn by the figure defcribed at the end of the book* 

Thus, concerning machines for railing water that are made of timber, the manner in which 
they are confhucted, and from what powers they receive their movement, affording numerous 
conveniences by their rotations, I have, in order that they may be known, written as clearly 
as I have been able. 


(i*) This is that famous machine univerfally known 
by the name of the Screw of Archimedes : it is not always 
made with eight or four channels, as Vitruvius deferibes 
it; but varies in that refpe£l, having three, two, and 
fometimes but one channel ; nor is the inclination of 
thofe channels, with regard to the beam or cylinder, al¬ 
ways the fame. Vitruvius has defcribed them to be in an 
angle of 45, but they may be in an angle cither more or 
lefs than 45 ; and the nearer they approach to a right angle 
with the cylinder, the more the head of the cylinder may 
be elevated, and the higher the water will of courfe be 
raifed. It is this inclination, and not the number of 
the channels, as Pcrrault afierts, on which depends the 
height the water may be raifed to,with a machine of a given 
length ; for all that is required to anfwer that purpofe, is, 
that the channels fhould have fome declination from the 
level or plane of the horizon, that the water they receive 


may, as the cochlea turns,continually defeend in its courfe. 
But, where there arc many channels, they mult be made 
narrower than where there are few, in order to preferve 
the fame inclination ; fo that lefs water will be raifed by 
each revolution of the machine; 

Vitruvius informs us that this machine is alfo turned by 
the walking or treading of men ; but has not defcribed 

t 

the apparatus for this woik, nor where or how it is per¬ 
formed; It cannot be well fuppofed that fuch a wheel or 
tympanum, as is heretofore applied to the trattorial ma¬ 
chines, could be annexed to this; for, on account of the 
inclined fituation of the cylinder or cochlea, the men 
could not Hand upright therein : wherefore I mull fuppofe 
(as at the ninth chapter foregoing) that fuch operation 
was done by the men walking on the convex part of a 
wheel affixed to the end of the cylinder, as fliewn by 
Fig. LXXXVI. 
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CHAPTER XII. 

(b£ the Machine of Ctefibius. 


F!g. LXXXVIL JLT remains now to defcribe the machine of Ctefibius* which raiies water very 
high. This is made of brafs : at the bottom a pair of buckets ( A) are placed, at a little 
diftance, having pipes (. B ) like the fhape of a fork annexed, meeting in a bairn (C) in 

0 

the middle. At the upper holes of the pipes, within the baiin, are made valves, hinged with 

w 

a very exa<& joint ; which, Hopping the holes, prevent the efflux of the water that will be 
prefled into the bafin by the air. Upon the bafin a cover (Z>), like an inverted funnel, is fitted, 
which is adjoined and fattened to the bafin by a collar, rivetted through, that the preflure 
of the water may not force it off; and on the top of it a pipe (E), called the tuba, is affixed 
perpendicularly. The buckets ( A) have valves placed below the lower mouths of the pipes, 
and fixed over holes that are in their bottoms ; then piftons (F) y turned very fmooth, and 
anointed with oil, being inclofed in the buckets, are worked with bars and levers from above : 
the repeated motion of thefe, up and down, prefling the air that is therein contained with the 
water, the holes being (hut by the valves, forces and extrudes the water through the mouths 
of the pipes ( B ) into the bafin (C ) ; from whence riling to the cover (Z>), the air prefles it up¬ 
wards through the pipe ( E ) ; and thus from the low fituation of the refervoir raifes it to 
fupply the public fountains. 


Nor is this the only one that has been invented by Ctefibius : there are many others, and 
of various kinds, which, by the means of fluids comprefled by the force of the air, reprefent 
fome natural a£tions; fuch as the Merulzc, that, when put in motion, utter voices j and the 

i* 

Engibatie, that move images, feeming to drink ; and other attts, entertaining to the fenfes of 



Cl*) The hydraulic devices, called Mcrulsc and Engi- 
batx, are now unknown. The former is, from the name, 
conje&urcd to be an imitation of the fhape and voice of 
a blackbird. The latter is by Barbaro fuppofed to come 
from the Greek word engin /, near : but Bald us thinks it 
Ihould be written angibata y coming from the Greek word 
angeion t a vnfe; which explication Pcrrault has adopted, 
tranflating the paflage thus— “ the little figures that arc 


“ made to move in glafs vafes, by means of the water 
tf which the vafes have received/* 

Pcrrault here applies the word hi ben tin to engibata, not 
to figilla t fuppofing, as he fays, it is not meant that the 
images drink, but that it is the t)igibat<e or vafes that 
receive the water. I however cannot be of his opinion, 
but agree in my tran fiat ion with Galiani. 
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feeing and hearing. From among thefe, thofe that I have judged moft ufeful and convenient 
I have fele&ed and treated of in the foregoing book of dialling, and in this of the raifing of 
water. The others, which are not for utility but for pleafure, thofe who are defirous of 
knrtving, may find in the Commentaries of Ctefibius. 




Of the Hydraulic Organs. 


Fig. LXXXVHI. J MUST not omit to difeourfe briefly, and as explicitly as I am able, on the 
conftru&ion of the hydraulic organs. Upon a compact bafe ( A) of timber an arca(ciftern) (B) % 
made of brafs, is dilpofed \ and to the right and left, upon the bafe, timbers (C) united in the 
manner of ladders are ere&ed ; between thefe are included brafs buckets (D), with move- 
able piftons (EJ, very exadtly turned, and having bent and jointed irons (F) fixed to their 
middle, with levers (G) adjoined, and being covered with unfhorn flieep fkins : in the upper 
furface (of the buckets) are holes (P) of about three digits; near to which holes are brafs 
dolphins (H) fixed on turning joints, and having cymbals (I) hanging by chains from their 
mouths below the holes of the buckets. 

** 

Within the area which contains the water is a kind of inverted funnel (KJ , under which 
wedges (Lj y of about three digits high, are laid, to level the Ipace between the under lip of 
the pnigeus (K) and the bottom of the area. Upon the neck of this (pnigeus) is fixed the 
little ciftern (M) which fupports the head of the machine, called by the Greeks canon tnujicos . 


(1*) This ddcription of the hydraulic organs has been 
thought to be unintelligible : fomcof the tranflators have 
(hewn their ideas of their conftruftion \ but they are very 
far from being juft:, as will appear by comparing the 
figure given by Barbaro and Pcrrault with the (ketch 
here reprefented. I have obtained fomc elucidation of 
the fubjeft: from the works of fundry nntient authors j 
particularly from Heron’s Treatife of Pneumatics, which 


has enabled me to underftand Vitruvius fo far as to give 

a flight reprefentation of the general conftruftion of thefe 

6 


antient muftcal machines. I have been obliged in many 
cafes to retain the original names of the members, there 
being no terms in our language fuitable. 

(2*) This pa 0 age—• inejl in id genus uti infundibulum 
inverjutn —is correfted by Ttirnebus to— bujl pnigeus uti 
infundibulum inverjum ; and alfo pbigeos, a little below, he 
changes to pnigeos. Thefe cor reft ions appear to be juft ; 
for Heron fays the inverted funnel, or hemifphere (as he 
calls it), was named pnigeos. 
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In the length of this (canon) are channels (TV 7 ), in number four if tetrachordic, fix if hexa* 
chord ic, and eight if otflachordic. In the feveral channels are epiftomia (ftoppers) (P) y having 
iron handles (^) 5 which handles, when turned, open orifices (O) from the area (arcula) into 
the channels. The canon has alio holes (/?) ranged tranfverfely, communicating with the 
channels, and correfponding to orifices OS') in the upper table, which in Greek is called pinax . 
Between the table and- canon are difpofed rulers (T'), which being perforated in the fame 
manner, and anointed with oil that they may be eafily moved to and fro, flop thele holes, 

4 # A 

and are called pleuritides ; the paffing and repafling of which alternately flops and opens the 
holes. 

5 * 

Thefe rulers have iron choragia ({ 7 ) affixed to them, and are united to pinnae {JPVX\ the 

touching of which pinnae caufes the motion of the rulers. Upon the table are the holes (£), 

through which the air from the channels paffes. To the rulers are fixed rings, in which the 

tongues of all the organic pipes (T) are inclofed. From the buckets (Z)) proceed tubes ( Z), 

6 * 

united to the neck of the pnigeus, and communicating with the orifices that are in the arcula; 
in thefe tubes are fixed well-turned valves (*), which, when the arcula has received the air, 
flop their apertures, and prevent its return. 

Thus, when the handles of the levers (G) are raifed, the piftons of the buckets are drawn 
to the bottom ; and the dolphins that are fixed on axes lowering the cymbals that hang from 


(3*) I am of opinion that arcula Ihould be here .*cad ll angle VIVX-, the perpendicular leg VIV was joined at its 
inflead of area ; for it is with the former that the chan- lower end V to the ruler, with a moveable joint, and italfo 

nels immediately communicate, as has been juft ex- turned on an axis at its angle tV: when therefore the end X 

prelfed. was prcfTcd down, it caufed the ruler to move backward; 

fo that the holes T'J* in the ruler, coincided with the holes 
(4*) This word is written plinthides in all the manu- R and S in the canon and upper table, and by that means 

icripts that I have feen; although all the printed editions admitted the air from the channels to pafs into the pipes 

have pleuritides , as here written. T 7 \ thus caufing them to found. But when the prefiure 

at the end X was removed, the horn fpring U drew the 
(5 ,v ) Vitruvius explains not what he means by choragia , ruler back again to its former place j and thus, the holes 

which in Greek fignifies dancers. The commentators T in the ruler, no longer coinciding with thofc of R and S, 

fuppofc fome kind of fprings are intended by that word : the mouths of the pipes were thereby flopped ; fo that 

and this fuppofltion feems to be well founded; for, by by prefling down the pinna: (or keys, as we call them), 

the defeription of Heron, it appears that a curved flat in the fame manner as in our modern organs, the pipes 

piece of horn U (Vitruvius fays, iron) was fixed before were caufcd to found, 

each ruler, and a firing (of gut) tied from the end of 

this horn fpring to the rulers T ] which latter, when driven (6») Turncbus here alfo alters ligneis cervicilus , collars 

backward by the prefiure of the hand on the pinna: A, of wood, to putgei cervicts , the collar of the pnigeus ; and 

was by this means drawn forward again as foon as that lignea, a little farther on, to pnigea . The correction is 

prefiure was removed. generally received by the tranfiatorsj and appears to be 

Heron alfo gives us the defeription of the pinna:, which right, for the rcafons before mentioned. 

Vitruvius has omitted. They were in the form of a right 


i 
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their mouths, the cavities of the buckets become filled (with air). Then the plllons being 
railed into the buckets again, with frequent and ftrong pulfations, and thereby caufing the 
cymbals to flop the upper holes, the air, which is there confined, is by the preflure forced 
into the tubes (Z), from whence it pafles into the pnigeus, and through its neck into the 

7 # 

area (arcula)j and the frequent motion of the levers ftill violently comprefling the air, it 
ruflies through the apertures (0) of the epiftomia, and fills the channels with wind : when 

i 

therefore the pinnae are touched by the hand, they thruft forward and draw back the rulers, 
alternately flopping and opening the holes; and thus, by the art of mufie, founds in an in- 
finite variety of modulations may be produced. 

I have thus endeavoured to explain, as well as t could by writing, this complex machine; 
but the conftrutflion thereof cannot be eafily underftood, except by thole who are pradtifed in 

0 

things of this fort: thofe, however, who underftand a little from the defeription, will, when 
they fee the machine itfelf, more eafily comprehend it, and will find the whole curioufly and 
ingenioufly contrived. 



Of the Manner of Meafuring the Way when travelling. 


w E now transfer our attention to a contrivance left us by the antients, that is very 
ingenious, and not unufeful; by which, while fitting in a chariot on the road, or failing on. 
the fea, we may know how many miles we pafs ; it is done thus : 


i* 


Fig* LXXXIX. The wheels ( A) of the chariot are to be in diameter four feet and a fixth; 

and 

F/g . XC. fo that, a point being marked on the wheel itfelf, from whence it may begin its 


(7*) Arculam Ihould be here read inflead of arcam, 
for the rcafon mentioned at note 3. 

(1 *) Pedum quatenmm & /extant is, four feet and a fixth. 
Perrault and Galiani have altered this paflage to pedum 
quaternion, four feet, for the following rcafons : 


Vitruvius hereafter fays, that in four hundred revolu¬ 
tions this wheel pafies over a fpace of five thoufand feet, 
or a Roman mile: the circumference therefore of the 
wheel muft be twelve feet and a half* and, if fo, the diame¬ 
ter can be but four feet, or thereabout 1 which is a fa£t. 
They alfo alter pedum XII. twelve feet, a little below, ai 

LI 
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revolution on the ground of the road, when it arrives again at that point from whence it 
began to revolve, it will have patted the exaCt fpace of XII. S. feet. This being prepared, 

t 

then on the nave of the wheel, at the inner fide, a tympanum ( 5 ) is fecurely fattened, having 
one little tooth (£) projecting beyond the line of its circumference. At the feat of the chariot 
above, a little box is firmly fixed, having inclofed a moveable tympanum (C) > difpofed per¬ 
pendicularly, and fet on an axis. On the edge of this tympanum are made teeth, equally 
arranged, being in number four hundred, and fitting the tooth of the lower tympanum (£): 
alfo on the flank of the upper tympanum (C) is fixed a tooth (C), projecting farther than the 
other teeth. Then above this is a third tympanum (Z>), difpofed horizontally, toothed in 
the fame manner, and inclofed in 'another box : the teeth of this (latter) correfpond to that 
tooth which is fixed on the flank of the fecond tympanum (JO). In this tympanum (Z)) are 
made holes (e), fo many as are equal to the number of miles the chariot may go in one day ; 
whether more or lefs is of no importance. In all thefe holes round ftones are laid ; and, in 
the theca or box of this tympanum, one hole has a little channel (i 7 ), through which the flones 
that are put in the tympanum, when they arrive at that place, may fall into the feat of the 
chariot, and into a brafs vafe ( G ) there difpofed. Now, as the wheel revolves, it turns with 
it the lower tympanum (J 3 ); whofe tooth, in each revolution, impelling the teeth of the upper 
tympanum (C), caufes them to move round ; fo that, when the lower tympanum ( B ) has re¬ 
volved four hundred times, the upper one ( C ) will have turned but once, and the tooth that 
is fixed on its flank will have moved but one tooth of the horizontal tympanum (Z>) : when 
therefore the lower tympanum has completed four hundred revolutions, and the upper has 
turned once, the diftance travelled will be five thoufand feet, that is, a thoufand paces (one 
mile). Now the ftones, by caufing a fou ndwhen they fall, give notice of every mile that is 
paft'ed y and the whole number of ftones being collected from the bottom, ftiews the number 
of miles travelled in the day. 


Fig. XC. 


In failing, likewife, a few parts being altered, the fame contrivance will anfwer. 
For an axis ( H ) being put through the fides of the vcfiels, with the ends projecting 


it is written in the printed editions of the text, to 
pedum XII. S. twelve feet and a half, for the fame reafons. 
Upon examining fcveral manuferipts, I find they all 
agree with the printed editions, in having at the former 
pafijge pedum quaiauum Id /extant is j but all difler from 
the printed copies at the latter pnfT.tgc, in having pedum 
XU. <V. not pedum XII. 1 conjecture there fore that the 
former pafi age, although not really righr, in perhaps right 
according to Vitruvius’s intention, who might probably 
re*. Lon the circumference of the circle to be but three 


times the diameter, as in a curfory manner it may have 
been fometimes computed (as it now is by our workmen), 
although not the accurate proportion of thofe parts of 
the circle. This conjecture is the more probable, as the 
fame words, pedum quatermm id /extantis , are again re¬ 
peated further on in tins chapters which is a confirmation 
of its being the idea of Vitruvius, although not flri&ly 
ju(l : Ids own ideas, however, although etroneoua, ought 
to be given by his tranfiators j at the fame time that 
they may be accompanied with u notice of the error. 
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outward, on thefe (ends) are fixed wheels (I) four feet and a fixth in diameter, having 


affixed 


middle of the vefiel, has alfo a tympanum with one tooth (J 3 ) ftanding beyond its circum¬ 


ference : at this place is a box inclofing another tympanum {(7), with four hundred teeth 
divided thereon, agreeing with the tooth of the tympanum (B) that is fixed on the axis (H)i 
it has alfo on the fide another tooth ( C ) affixed, projecting from its circle. Above, in another 
box, is inclofed a horizontal tympanum (Z)\ toothed in the fame manner; by which means 
the tooth (£ 7 ) that is on the fide of the tympanum (( 7 ), that is placed edgeways, entering in 
the teeth of the horizontal tympanum, and in feveral revolutions moving the feveral teeth of 
the circle, caufes the horizontal tympanum to revolve. In this horizontal tympanum are 
holes 60 , in which holes the round ftones are laid ; and in the theca or box of this tympanum 
one hole is bored, having a channel (F), through which the ftone, when freed from the 
obftruCtion, falls into a brafs vefiel (( 7 ), and caufes a found. 


Thus, when the ffiip is propelled forward, either by oars or the wind, the pinnae that are on 

f 

the wheels touching the oppofing itream of the water, that has a retrograde impulfe, turn the 
wheels; thefe turn the axis to which they are joined; and the axis turns the tympanum (5), 
whofe tooth, in the feveral revolutions, impelling the feveral teeth of the fecond tympa¬ 
num (( 7 ), caufes its regular rotations : fo that the wheels* when they have been turned by 
means of the pinnze four hundred times, move the horizontal tympanum once, by the im- 



(2*) Thefe words, toothed in the fame manner, are nor, I 
believe, to be underftood to fignify that this horizontal 
tympanum is to have an equal number of teeth, but only 
that the teeth are to be formed fimilarlyj the number of 
teeth being at plcafure, as in the horizontal tympanum of 
the chariot before deferibed : for fuch a number feems 
unnecefiary in the horizontal tympanum, being many 
more than the number of miles the vefiel can go in a 
day ; and would, betides, require it to be inconveniently 
large. 

(3*) “ Ita, cum quatercenties ab pinnis rotre fucrint 
“ vcrfiirte, femcl tympanum planum circumagenc im- 
t( pulfu dencis qui adJatuseft fixus tympani in culcro.”— 
Fcrrault remarks that there is a miftake in this paflage; 
mul fo there would be, if the word circumagcnt fignified the 
turning an entire revolution, as he lias underftood it ; for 
it mufl be the perpendicular tympan (having 400 teeth) 
that turns an entire revolution, while the water wheels 
(or thofe with the pinna;) revolve four hundred times; 
and that perpendicular tympan having but one tooth in 


its circumference that touches the teeth of the horizontal 
tympan, this latter can turn only fo far round as that 
fingle tooth (of the perpendicular tympan) can turn it, 
while the water wheels revolve four hundred times. 

Perrault would alter the reading to tympanum in cultro , 

the perpendicular tympanum—inlteadof tympanum planum, 

« 

the horizontal tympanum. But if the word circumagent 

% 

may be allowed to fignify the turning a portion of a revo¬ 
lution only (as Galiani, as well as myfelf, thinks it may) 
then the text, as it Hands, is perfedtly right: and this 
indeed muft be the meaning of the word in Vitruvius's 
idea j for he fays it i3 turned once by the (fingle) tooth of 
the perpendicular tympanum. But he muft have known that it 
is impofiible for a wheel to be turned an entire revolution 
by a fingle tooth of another wheel, howfoever conftrudted 
or connedted with it, and thcrcfoie he could not intend 
to exprefs fuch an idea : lie mull mean that it was moved 
fo far round as that fingle tooth could turn it, which muft 
be equal to the diftancc of the holes wherein the flonea 
were laid j fo that one (lone might fall at each move¬ 
ment of the wheel. 
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pulfe of the tooth that is on the fide of the perpendicular tympanum. Hence, as often as 

* 

by the rotation of the horizontal tympanum the ftones are brought to the hole, they are dis¬ 
charged through the channel ; and thus by their found, and their number, indicate the 
number of miles navigated. I think I have now Sufficiently deferibed the conftru&ion of 
thofe things that are prepared both for ufe and pleafure in times of peace and Security, 



Of the Catapultse and Scorpions. 

I SHALL now treat of thofe machines that have been invented for the purpofe of defence, 
and prefervation from danger; namely, the Scorpions, Catapultse, and Baliftas; with the 

A 

rules and proportions by which they may be conftrudted: and firft of the Catapultse and 
Scorpions. 


(i*) This part of the writings of Vitruvius has en¬ 
gaged the attention, and employed the abilities, of many 
able men, for feveral centuries pad. The conftruCtion of 
the ancient military engines, of which this and fome fol¬ 
lowing chapters treat, has been long unknown; and the 
difeovery of this curious part of antiquity has been con- 
fidered as a refearch worthy the endeavours of the learned 
and ingenious. When gunpowder, and thofe immenfely 
powerful modern engines, cannons, became generally 
ufed, another mode of warfare neceflarily commenced; 
the engines of the antieuts were gradually difufed, and 
were foon fo entirely neglected that their formation was 
forgotten ; and for feveral centuries paft no example or 
remains, fufficient to elucidate their conftruCtion, have 
been known to exift; nor have the treatifes written to 
explain them, by feveral antient authors, been hitherto 
underflood. Valturius, Lipfius, Baldus, Hutcus, and 
other modern authors, have publifhed their refea relies on 
this fubjeft ; and almoft all the tranfiators and commen¬ 
tators of Vitruvius have laboured thereon without fuccefs. 
To obtain a knowledge of thcl'e engines, from the writings 
of Vitruvius alone, could not be expired; for his account 

7 


of them cannot be called a defeription. He mentions 
neither the form, ufe, or place of their feveral parts, 
but their names and proportions only ; pre-fuppofing that 
their forms and parts were fufficiencly known, as they 
undoubtedly were in his time. But many of the names 
and terms that he ufes are now unintelligible, and the 
proportions arc exprefied in characters of whofe fignifi- 
cation we are doubtful : many of thofe characters are 
corrupted and mifwritten by the copyifts; differing in 
different manuferipts, and difagrecing with the account 
of other antient authors who have written on the fame 
fubjeCt * fo that there is no being certain on which we 
may or may not rely. 

Daniel Barbaro, in his Italian tranflation of Vitruvius, 
publifhed fo long fince as the year 1556, commenting 
upon this part of Vitruvius’s work, fays, "It is here 
necefiary that God afiift us; for neither the writings of 
Vitruvius, nor any delineation, nor any antient remains 
of thefc engines, will afford us any aid.” lie adds, “ I 
hope therefore I fluid be excufed for not attempting to 
explain tilings that by their difficulty, and almofl impof- 
fibility, have defeated the attempts of men of much greuter 









Fig. XCK 


All their proportions are determined by the length of the arrow that the rtiachine 
is intended to difcharge $ of which a ninth part is to be the magnitude of thofe 


* 



experience and ingenuity.” Jocundus has given a figure 
of a balifta that he copied from Atheneus j but acknow¬ 
ledges that he neither underftands it, or the defeription 
of Vitruvius which he tranfiates. Perrault alfo obferves 
that the account “ given by Vitruvius of thefe engines 
has not been underflood by any perfon, although a great 
number have affiduoufly applied thcmfelvcs thereto: that 
the deferiptions given by Atheneus, Vegetius, Marcellinus, 
and other antient authors, are of no avail ; neither will 
the repre fen rations on the Trajan column, thole in the 
book intitled Notitia Imperii, that which Du Choul 
copied from an antient marble, nor the model feen by 
Lipfius in the armory of BrufTels, afford any illuflration 
of the difeourfe of Vitruvius : and that it is no wonder 
that machines, difficult to be explained by writing, efpe- 
cially without delineations, fhould not be underftood 
from a defeription that was at firfl neglected by the au¬ 
thorand, he might have added, afterward corrupted 
and mutilated by thofe who have copied it. 

Perrault however proceeds to comment upon divers 
parts of the difeourfe, and has attempted to give a repre- 
fentation of a Catapulta. But it fo little accords with, 
and in fome parts is fo contradictory to, the words of 
Vitruvius, that it can only be confidered as a work of 
imagination: and his comments and condufions may re¬ 
main as inftances how far a difeourfe may be flrained to 
fupport the molt foreign idea; and how far vve may be 
milled by our imaginations, when unguided and un¬ 
directed by fome certain clue. This will more evidently 
appear to the reader upon comparing P err auk’s comments 
with what is hereafter advanced. 

Galiani, in his tranflation of Vitruvius, only recapitu¬ 
lates the difficulties attending the difeovery, and gives up 
the attempt: alleging that he does not believe the dif¬ 
eovery to be now among the poffibilities ; and that he fhall 
therefore content himfelf with giving the tranflation accord- 

4 

Jog to the letter of the text, as others have before done. 

Like the preceding tranfiators, I have alfo endea¬ 
voured to difeover the formation of thefe undent ma¬ 
chines, in order to make this part of Vitruvius’s work 
more intelligible j but whether with better fucccfs, the 
public judgment will befl determine. I have diligently 
fought for, and attentively perilled, the authors who have 
wiittcn on the fnhjeCl, and believe I have obtained fucli 
a knowledge of it as will enable me to give the reader an 
idea of thefe curious antient engines j the defeription of 


which here precedes the difeourfe of Vitruvius, that his 
account, being afterward read, may be the better under- 
flood* 

» a J 

The military engines of the antients were diftinguifhed 
into the eutbyton* and the pa lilt,tena ; the former were 
thofe that difeharged arrows, darts, &c. and the latter 
thofe that difeharged flones, or both floncs and arrows: 
of the former kind were the Scorpion and the Catapulta j 
of the latter, was the Balifta. Thefe names were generally 
thus applied in the time of Vitruvius, although in after 
times they were often confounded one with the other. 

The Scorpion was the fmallefl and leafl powerful ; 
it was fo called from being in form a little like the infeCl 
of that name. It confifted of a bow A A> Fig. XCI. made 
either of fled, or of fome elaflic wood, having a cord of 
finews flrained from one end to the other, and faflened in 
holes made at the ends for that purpofe. To its middle 
was joined the regula B B , having in its upper furface a 
channel C, of a dovetail fliape, the lower part being the 
widefl. This regula was called the Jyrinx ; it was made 
of hard wood, and was fixed upon a boaid D E, a little 
longer and broader than itfelf, called the catagogis. Upon 
the fyri.ix was difpofed another regula. Fig. XCII. equal 
in breadth, and nearly in length, to the fyrinx, and having 
a dovetail mafculus F , fitting the fliape and fize of the 
dovetail channel in the fyrinx. This latter regula was 
called the dioJira\ and being placed in the fyrinx, with its 
mafculus inferced in the dovetail channel C, it might be 
Aid to and fro thereon, without danger of feparating. 
In the upper furface of this dioflra was made a femi* 
circular channel G, the whole length, called cpitoxis> 
wherein the arrow was laid ; and near the end thereof, 
farthefl from the bow, were two upright iron cheeks ////, 
Fig. XCIII. called catocbas, and which were fixed upon 
the dioflra a little diflance afunder: between thefe was 
placed an iron grapple or hand /, called chira and maim- 
cla : one end of this was bent backward like a hook, and 
cloven fo as to admit the thickncfs of the arrow between^ 
the other end was pointed. Through the Tides of the ento- 
chas and chira was put an iron axis AT, To that the chira had 
a vertical rotation thereon. Under the pointed end of the 
chira lay the end of a thin iron bar LAI, which was fixed 
to the upper furface of the dioflra, on the left hand of the 
cpitoxis, by an iron pin, on which it turned horizontally. 
This bar was called the fcbajlcria: and while its end L 
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holes [IL KM) in the capitules, through which are diflended the twifted cords of finews 
that retain the arms of the catapults; and by thefe holes the height and breadth of the capi- 
tule is thus determined. 


remained under the end of the chira, it prevented the 
latter from turning on its axis; but when removed, by 
drawing forward its end M, admitted the hooked end I 
of the chira to turn over to the place of the pointed end L , 
which end confequently turned under to the place of the 
hooked end, a chafe being cut in the dioftra to admit its 
palling. The ends of the bow were lo curved upward, 
that the bow-ftring might freely pafs over the upper fur- 
face of the dioftra, although the middle part of the bow 
was lower than the mafculus at the under part of the 
dioftra. The catagogis was rounded at the end E next 

the bow, and was hollowed at the other end D-, in which 

# 

hollow, Z), the archer applied his belly. He then puftied 
the dioftra forward, till the chira /, Fig . XCIV. arrived at 
the bow-ftring, which latter he put over the hooked end 
of the chira ; the fchafteria being previoully put under 
the pointed end of the chira, to prevent its turning round 
and letting go the bow-ftring. He then with all his power 
pulhed the farther end F of the dioftra againft fome wall, 
or againft the ground, keeping his body in the hollow D 
of the catagogis, and by thefe means forced the dioftra 
and chira toward him; and, the chira having hold of the 
bow-ftring, this latter was alfo drawn toward him, and 
the bow thereby bent. 

To prevent the dioftra being drawn back again by the 
bow, the following contrivance was ufed: An indented 
ruler N was fixed to each fide of the fyrinx, along its 
whole length ; and an iron catch O, called catacltda , 
turned on an axis vertically on each fide of the dioftra : 
as therefore the dioftra moved onward, the cataclidfe fell 
fuccefiively between the feveral teeth of the ruler, and 
thus prevented the dioftra from being drawn back again 
by the bow. 

When the bow was bent as much as was judged fuffi- 
cient, and held fo by the cataclklre, the archer laid the 
arrow in the cpicoxis, inferting the feathered end between 
the cloven parts of the chira quite home to the bow- 
ftring, which entered a notch made in that end of the arrow 
for that purpofe. He then raifed the whole machine, 
took his aim by looking along the arrow; and then, taking 
hold of the outer end M of the fchafteria, drew it toward 
him, and of confcqucncc drew the other end of the fchafteria 
from under the chira ; which by the pull of the bow-ftring 
inftamly turned on its axis, and thereby let ficc the 


bow-ftring, and difeharged the arrow with great force. 

This machine, on account of its effett being produced 
by the application of the belly, was called gafirapheten . 

The Catapulta was an engine for the fame ufe, but of 
greater power. To increafe the power in a great degree, 
without greatly increafing the fize, and thereby rendering 
the machine too unwieldy and unmanageable, required 
fome difference in the conftru&ion; and chiefly in the 
part that was the caufc of its power, viz. the bow. But 
if the power of the bow or arms were increafed, it became 
necefiary alfo to increafe the power that a&ed on thofe 
arms. This, inftead of being done by the additional 
ftrength of men, was more conveniently and effaftually 
done by the application of fome mechanical power; and 
this occafioned another difference in the machine. Thefe 
differences therefore were as follows: Inftead of a bow, 
as in the fcorpion, the catapulta had a retfangular frame 
of wood A B CD 3 Fig. XCV. confiding of four upright 
pieces placed at proper diftances ; and two horizontal 
pieces, one AC over, and the othenB D under, the faidfour 
upright pieces, and to which they were ftrongly conneftcd 
by tenons and iron plates. The horizontal pieces were 
called JciituU and tabula by the Romans, and per it ret a 
by the Greeks. The two outer upright pieces, AB and 
CD, were called paraft<e } and the two inner ones, £.Fand 
GH y mcjojl*. The whole frame is called by Vitruvius 
the capitule, and by Heron the plinth. Holes IKLM 
were bored perpendicularly through both the peri tret©, 
in the middle between the parafta and mefofta, both on 
the right and left fide of the capitule. Acrofs the holes 
of the upper pericreta were laid two ftrong iron bars IL ; 
and two more K M were applied to the holes, in the fame 
manner, under the lower peritreta : thefe iron bars were 
called eftzyges. Then to the upper epizygis / one end of 
a cord of gut or finews was tied ; and the other end 
carried through the holes of both the peritret© to the 
lower epizygis K> drained round it, and carried again 
through the fame holes to the upper epizygis 1 , around 
which it was flrnined, and carried again in the lame manner 
to the lower epizygis : and thus repeated till the holes 
were quite filled, and would admit no more of the cord 

9 

to pafs. In the middle N of this complication of cords, 
011c end JV of an arm of fteel or claflic wood was inferred, 
the other end O prqjcfting beyond the face of the adjacent 
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The tabula [AC and J3Z>) that are at the top and bottom of the capitule, and are called 


parafta* AB-, and then the two epizyges IK were turned 
about, fo as to twift the cords with great violence : by this 
means the arm NO was held faft, and caufed to prefs 
backward with great force againft the face of the parafta 
A B, where it entered a femicircular excavation R, made 
there to receive it. The fame operation was repeated on 
the other fide of the capitule with the epizygis L and M, 
and the arm P §>j and the two arms thus held by the 
twilled cords of finews acquired a great degree of elaftic 
power, and anfwered the purpofe of the bow in the be- 
fore-defcribed fcorpion. 

Through holes made at the ends O and j^of the arms 
was put the bow-ftring O which was a cord of finews 
of the ftrongefl texture j and was of fuch a length as to 
fuftain the arms at a little diftance from the parafta;, that 
in their recoiling they might not ftrike againft thofe mem¬ 
bers, and be thereby damaged: ora cufhion was forhetimes 
placed there for that purpofe. The arms were called 
brachia and ancones ; the complication or column IK of 
twifted cords chat held the arms was called hemitonus , and 
fometimes unitonus . The interval FH between the two 

A 

hemitones was left for the fyrinx and dioftra, formed as in 
the fcorpions; the end of the fyrinx being firmly fixed 
upon the upper furfaceSof the lower lcucula or peritreta. 

Heron deferibes another capitule, with fome but with 
no material difference: the fcutula or peritreta being made 
in fhape like a femi-oftagon ABCDEF, Pig. XCVI. fo 
that it was broader in the middle than at the ends; and the 

T 

two mefofta? G E and HD were consequently broader than 
the two parafta; AF and B G; the breadth of each being 
determined by the interfeftion of the inner Tides /and K 

1 * 

of the paraftte, and the outer Tides E and D of the mefofta:, 
with thefemicircle AI ED KB , as ihewn by the figure. 

Fig. XCVIL 

To the capitule AA> thus formed, was fixed, as before 
faid, one end of the fyrinx B, being, with the dioftra CII, 
chira and fell after i a D t and cataclida O, made in all rc- 
fpeCls the fame as before deferibed in the fcorpion, but 
without the catagogis ; inftcad of which a fucula or wind- 
lafs E was connected to the other end of the fyrinx, whofe 
lides F projeded forward in order to receive it. To the 
middle part G of this fucula, between the two fules of the 
fyrinx,was fixed a cord G C , extending from thence to the 
end C of the dioftra, where it was faftened to a hook; 
when therefore the machine was prepared ns deferibed in 
the fcorpion (that is to fay, the dioftra pufhed forward 
till the chira arrived at the bow-ftring IK I, and hooked 


it), the dioftra was drawn back again by means of the 
fucula, which was turned round by two men, with the 
afiiftancc of levers L put through each end of the fame; 
and thus the arms I were drawn and ftrained : this being 
done fufficiently, the arrow AT/was then laid in the epi- 
toxis, and difeharged in the manner before deferibed. 

The larger engines of this kind, in which the power 
was very great, were drawn by pulleys in various combi¬ 
nations, or with pulleys and fucula; connected together : 
and inftead of the fimple iron axons, or epizyges, that fuf- 
tained the tonus of cords, the machines M, called by Vi¬ 
truvius modiols, and by Heron cbocmces y were ufed ; and 
which will be explained in the deferiprion of the Bulifta?. 

This engine being too large and heavy to be managed 
in the hand, and being required to be turned and elevated 
in different directions, it became neceffiry' to fupport it 
on a bafe that Ihould afford the required conveniences. 
This bafe was thus conftruCted: 

A poft N (or columella, as Vitruvius calls it), about 
two feet and a quarter high, was fixed upright upon a three- 

legged bafe P and fupported by three braces SSS 

\ 

on the fame. At the top of the columella was a cylindric 
tenon T, on which turned the chalchefium U } a, V, which 
was formed thus:—On a horizontal rectangular board U V 
two perpendicular rectangular fides Ua, and Vb,w ere fixed 
to the right and left; and between thefe was another hori¬ 
zontal board bed, a little above the former. 

Through the middle of the two horizontal boards holes 
capable of receiving the tenon T of the columella were 
bored. The two perpendicular Tides were fo far apart as 
to admit between them the breadth of the fyrinx ; which 
being introduced, an iron axis e pafled horizontally 
through the fides of the chalchefium and thofe of the 
fyrinx, connecting them together, and admitting the 
fyrinx to turn vertically on the faid axis: fo that the 
whole catapulta could be elevated and declined to any 
direction: and, by the chalchefium turning on the tenon 
of the columella, it could alfo be turned horizontally to 
any direction required, and by thefe means be pointed 
againft: any intended objeCl. 

To keep it Readily fixed when thus directed, one end/" 
of a piece of timber fg was annexed to the top of the 
columella, by a joint that admitted it to turn horizontally; 
fo that the other end g, refting on the giound, might be 

f 

placed in different filiations. This piece was called anti- 
ridium i near to the upper end of which the onapaujlcria, b /, 
was annexed, with a joint admitting it to be elevated and 
declined. When therefore the fyrinx was let to its rc- 






parallels, are made one hole in thicknefs, in breadth one and three quarters, and at the ex- 
tremities one hole and S. The paraftas (AB and CD) on the right and left, without the 
tenons (cardines), are made four holes high, and five holes thick; the tenons {AB) S. Q^of a 
hole. From the hole to the middle parafta ( EF) it is alfo S. Q^of a hole. 



quired direction, the lower end g of the anteridium was 
moved, and fixed to the ground, fo that the anapaufteria 
might remain perpendicularly under the fvrinx : and then 
the end * of the anapaufteria was raifed, and fixed to the 
bottom of the fyrinx, in holes there made; by which 
means the fyrinx was kept firm in its pofition till the ar¬ 
row was difeharged. 

The catapult® were made of different magnitudes : 
but there were two fizes moft generally uled, of which the 
fmaller were called trijpithamal t becaufe they threw arrows 
of three fpans long ; and the larger were called tricubital , 
becaufe they threw arrows of three cubits, or fix fpans, long. 

The proportions of their feveral parts are given by 
Vitruvius j but they are fo corrupted as not to be trufted 
to. Heron fays all the proportions muff be determined 
by experience and trial. Philo mentions many of them, 
and therein differs greatly from Vitruvius. They all 
agree, however, that the proportions were regulated by the 
fize of the holes in the fcutula, and that the diameter of 


thofe holes was always made equal to a ninth part of the 
length of the arrow that the catapulta was intended to 
difeharge. 

0 

* (2*) It is not always eafy to difeover the parts to which 
the terms of Vitruvius allude: thofe that have appeared 
to me to be meant, I have referred to by letters. The 
term tabula here mentioned feems to me to allude to 
the horizontal pieces AC and BD , Fig. XCV. called peri - 
treta by the Greeks. 

Galiani has tranffated this meafure “ one and one eighth,’* 
inftead of one and three quarters; probably by miftakc. 

(3*) It may beproper, before we proceed farther, to take 
feme notice of the characters Vitruvius ufes in treating 
this fubjett, as they are differently underftood by the dif¬ 
ferent commentators. Their different opinions are fhewn 
in the following table ; and this mark * is added to thofe 
which agree with my own. 


• • 


Characters. 

Their Significations according to 

Philander, j 

Jocundus. | Mciboniu*. 

Pcrrault. 

} Galiani* 

S. 

« * 

t 

T 

X 

T 

z 

Y 

4 * 

Mark of aSicilicus,'! 

1 # 


l 

x 

t 

or x of an Ounce j 



T 

YC 

T 

T 

1 

xr 

X 

tV* 

1 

T 

1 

TT 

K 


— 

1 

Tr 

1 

V 

* 

Z 

1 

T 

1 

T 

* * 

V 

1 

T 

1 

Y 

, S or 5 

— 

— 

1 1 
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The breadth of the middle paraftsc (EF and HG) is one hole and TK., the thicknefs one 
hole 3 the interval where the arrow is placed between the middle paraftse is the fourth part 
of a hole. The four angles that are on the fides and fronts are fecured with iron plates, or 
bvafs bars and nails. 

The length of the canalicule ( CC , Fig, XCl.), which in Greek is called Jirix , is XIX. holes. 
The regulas ( BB ), which fome call bucculce , that are fixed on the right and left of the channel, 
are XIX. holes ; the height and thicknefs one hole : alfo two regular ( FF . j Fig. XCVII .) are 
affixed, in which is inferted the fucula {EE), being three holes in length, and half a hole in 
breadth. The thicknefs of the buccula that is affixed, called carnillum , or, according to fome, 

loculamentutrij being fixed with a dovetail tenon, is I. hole, the height S. of a hole. The 

5* 

fucula is in length <•: holes j. The thicknefs of the fcutula is IX. holes. The epitoxis (GG) 

is in length S :—• holes ; in thicknefs:—. Alfo the chelo (cheira), or manucla (/, Fig. XCII.), 

6 * 

as it is called, is in length III. holes, in breadth and thicknefs S :— • The length of the futidus 
of the channel is XVI. holes, the thicknefs a hole the breadtli S : —• 


The columella and bafe on the ground is VIII. holes; the breadth in the plinth in which the 
columella is fixed up, is S:—• The thicknefs F. Z. The length of the columella to the tenons 
is XII. holes ; the breadth S’:—• of a hole. The thicknefs U.9 ; its three capreals (braces) 
are in length IX. holes, in breadth half of a hole in thicknefs Z. The length of the cardo 
(tenon) a hole The length of the head of the columella I. S. K. the breadth of the 
a 7 itefixa S. 9. of a hole, the thicknefs I. The pofterior fmaller column, which in Greek is 
called antibafis , is VIII. holes; the breadth S. I. of a hole, the thicknefs F. Z. The fubjeSlio is 
XII. holes, the breadth and thicknefs is the fame as that of the fmaller column. The cheloniu??i y 
or pulvinusy as it is called, upon the fmaller column, is II. S. ; the height II. S. 



(4*) Some commentators allege Jyrinx fiiould be here 
written inftead of Jirix j the former being the Greek name 
of a pipe. l-Ieron ufes the term Jyrinx, as appears by the 
foregoing defeription of the catapulta. But it may be 
obferved that the thing here fpoken of, is a channel, not 
a pipe ; and that Vitruvius, ch. iii. b. iv. has applied the 
term Jirix to the channel of a column. I have therefore 
left the word as in the text. 

(5*) The number fpecifying the length of the Jucula 
is wanting in all the copies. Galiani taking it from Ccfa- 
riani, has added VIII. S. eight and a half, for its length ; 
and Barbaro, with Perrault, nine. But the length of the 
fucula has jull before been faid to be three holes i from 


whence I imagine that Jcutula has been here originally 
written, efpecially as the thicknefs of that part imme¬ 
diately follows. 

(6*) Canalis fundi is rendered by the tranflators the 
bottom of the channel , and the channel of the bottom : but as, 
at the 13th chap, preceding, the term fundus is feveral 
times ufed for the flefpers or Jliders that move in the 
buckets or modiols, it appears to me probable that the 
word fundus is ufed as a technical term in this place, 
and fignifies fomething of the fame kind. The epitoxis 
is the part GG, Fig. XCII .; and the chelo or manucla feems 
to be that called their a or hand by the Greeks. At the 18th 
chapter following, the cheeks on each fide the cheira arc 
called chi Ionia. 

N n 
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the breadth S. I.:—. The charcheki of the fucula II. S. I. the thickncfs S. II. the 
breadth I. S.The length of the tranfverfe pieces with the tenons X. •>]:, the breadth I. S. and 
the thicknefs ten. The length I. S. of the arms (brachia) (0 O, Fig. XCF*) is VII. holes, the 
thicknefs at the root F. Z. of a hole, at the top U. Z. of a hole $ the curvatures eight holes. 

In thefe proportions, either enlarging or diminiftiing occafionally, they are prepared; for, 

if the capitules {A B F £, Fig . XCV ’.) be made higher than the breadth, as are thofe called 

anatona> the arms are fhortened; that, where the tonus is weakened by the height of the 

capitule, the (hortnefs of the arms may aid the force of the ftroke. If the capitule be leis 

high, which is called catatonum y the arms, on account of the great power, are made a little 

longer, that they may be more eafily drawn ; for as, in the cafe of a lever, if when it be four 

8 * 

feet in length a given weight may be raifed with it by five men, when eight feet long that 
weight may be raifed with it by two—for the fame reafon the arms that are longer are eafier, 
and thofe that are (horter are more difficult to be drawn. 


N 



CHAPTER XVI. 

Of the Baliftas. 

I H AVB fpoken of the rules by which the parts and proportions of the Catapults are 

determined; but the principles of the Baliftse vary, and are different, although prepared to 

# 

produce fimilar effe&s. For feme are worked with levers and windlafles (fucula), fome with 
Iheaves of pulleys (polyfpaftons), others with capftans (ergatae), and fome alfo with wheels 
(tympanums). No balifta, however, is made without having regard to the weight of the 
(lone .that the machine is to throw; their principles therefore are not eafy to all, but to 
thofe only who have a knowledge of arithmetical rules and the powers of numbers : for in 


(7^) Charcheli is corrc&eil by Philander and others to 
tarcbefti: this latter word is mentioned at the 5th chapter 
foregoing, and at the a2d chapter following, but is not 
at either place explained. It probably relates to that 
member which in the foregoing defeription is called chal - 
chef mm* 


(8*) As two men with a lever of eight feet are equal in 
power to four men with a lever of four feet, here is moft 
probably a miftake j and inftead of quitique , five, it lhould 
have been written quatuor , four} to which Galiani has 
altered the text. 
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their capitules are made holes, through which cords of hair (that of women chiefly), cr of 
flnews, are drawn, and whofe magnitudes are adjufted by the laws of gravity to the weight 
of the ftone that the balifta is intended to difcharge ; as thofe of the catapult® are to the 
length of the dart. However, that thofe who are unacquainted with arithmetic or geometry 
may be prepared, and not be occupied by ftudy, in the time of the dangers of war, I fhall 
here reveal what I have acquired by my own experience, as well as what I have learnt from 
authors ; and as the rules of thefe things are founded on the weights and meafures of the 
Greeks, I fliall tranfcribe them fo that they may alfo agree with our weights. 


(1*) The capitule AIHB, Fig. XCVIII. of the balifta 
was formed fimilarly to that of the catapulta, excepting 
that the two hemitones AFHC and DIEB were difpofed 
farther apart, leaving a wider interval CE between the two 
wejojl* G G , which in the balifta were called antijla. The 
purpofe of this engine, which was to throw large ftones, 
required fo large an interval : Heron fays it fhould be 
a little lefs than double the length of the arms R S'. 

The fcutulas or peritret & AF and DI, which in the 
catapulta extended in one piece over both hemitones, 
were in the balifta feparate, and extended over one 
bemitone only. The lower peritretae H C and E B were 
alfo disjoined in the fame manner; fo that the two hemi- 
toncs were not connected by their peritretae, but by two 
other pieces of timber KL and MNi one of which 
K L extended over the two upper peritreta, and the other 
Jkf-ATunder the two lower peritretae ; being fecured to the 
fame by tenons. The paraftae O were made like thofe 
of the catapulta, but had a curvilinear protuberance P at 
the back part, oppofite the circular cavity Q in which 
the arm lay, in order to ftrengthen it. The antiftae G had 
alfo a curved protuberance toward R , called 1bypopterna, 
on the fide toward the root of the arm, againft which the 
faid root R , called ptena, refted. The grain of the wood 
in the paraftte and antifta; was perpendicular; and tenons 
from the top and bottom of both entered the peritretje, to 
fecure them thereto. All the angles and joints of the whole 
capitule were fortified with iron plates. 

The peritreca in this engine was made of a rhomboidal 
figure, in order to permit the arms to diverge the more. 
Heron deferibes it thus:—In a rectangular parallelogram 
a b cd, Fig. XCIX. whofe breadth is half its length, a dia- 
gonal linear is drawn; parallel to which is drawn be 1 
da is continued to c ; then ae be fliews the figure of the 
peritreta : the ends a e and he being fwclled in a curve, 
to ftrengthen ir. Again, drawing r/, the intcrfcCtion / 
of that line, with the lined/*, fiiews the middle of the 

peritreta, where the hole of the tonus is bored. 

1 


Philo gives another rule for determining the obliquity 
or rhomboidal figure of the peritreta :—He fays, divide 
a femicircle into eleven parts, and from the fourth divifion 
draw a line to the center j which line fiiews the obliquity 
required. Vitruvius differs from both : he fays the 
oblique formation fhould be a fixth part of the length, 
and a fourth of the breadth. 

The capitule of the balifta being finifhed, the other 
members, anfwering to the fyrinx, dioftra, &c. of the 
catapulta, were added, as follows : To the timber MJV, 
Fig. XCVIII. under the lower peritreta, was connected an 
horizontal frame of timber work ABC, Fig. C .; it confifted 
of feveral pieces of timber D D D, difpofed at equal 
diftances the whole length of the capitule, projecting for* 
wards, and being connected at their projecting ends by a 
tranfverfe timber AB. This frame was called menfa, and 
by the Greeks trapeza ; upon it was laid the covering of 
boards EE called tabula, whofe upper furfacewas level with 
the bottom of the lower peritreta. Upon the tabula was 
placed the climax, or, asVitruvius calls it, climacielos,FGG , 
which was a horizontal frame of timber, flmilar to a 
ladder, whence it took its name; being compofed of 
two longitudinal pieces GG zndFK, connected by feveral 
tranfverfal pieces IIII, at proper diftances. The breadth 
of the climax (according to Heron) was equal to the inter¬ 
val between the antiftas j and the length nineteen holes 
according to Philo, although but thirteen according to 
Vitruvius. This climax anfwered to the fyrinx of the 
catapulta, and lay upon the tabula, fo as to project over 
each fide of the fame. Upon the two parallel longi¬ 
tudinal pieces of the climax were laid two others, called 
al.e , II and K K , of equal length and breadth * between 
which, and over the tranfverfe pieces 11 II of the climax, 
was the dioftra L L L, being equal in length to the 
climax. The climax was firmly fattened on die mcnl'a, 
and fecured by the anterides or braces MM, extending 
from the ends of the aim to the tipper peritreta. 

TheCheira, SchaUma, Ike, OP were fixed upon the 
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dioftra in the fame manner as in the catapulta: but here 
the hooked end P of the cheira was not forked or cloven, 
but made like a finger } and the chcira was raifed fo far 
above the dioftra, that the bow-ftring, when forced there* 
from, might feize the flone i^to be difeharged about the 
middle of its height, that it might a< 5 l more powerfully 
and certainly thereon. With the fame intention, the arms 
RR were difpoftd fo as to caufe the bow-ftring in its 
recoil to move at that height above the dioftra: alfo the 
bow-ftring S S was made broad like a belt, not round 
like that of the catapulta; and it had a loop P in the 
middle, which hooked over the finger of the cheira. Thefe 
engines were made of the ftrongeft and tougheft wood; 
and as light as a proper degree of ftrength would admit, 
that they might be the eaficr conveyed from place to 
place ; for which purpofe alfo all the parts of the large 
engines were made to take afunder, excepting the hemi- 
tones, which always remained entire, on account of the 
difficulty and time required to prepare the tonus ; the 
method of doing which is deferibed at the eighteenth 
chapter following. 

In the balifta; and larger catapultae, inftead of the fimple 
iron ayonsor epizyges before mentioned, the machines/ 7 ^. 
Cl. and CJL were ufed. They are called choenices by Heron, 
and tnodiols by Vitruvius ; and were made, when fmall, 
of brafs ; when large, of fome hard wood. The part a 
was fquare, and lay upon the peritreta c c, over the hole 
of the tonus. The part b , above it, was circular ; in the 
middle of the circle a hole d d was bored quite through the 
chocnicis, equal in diameter to the hole cof the tonus in the 
-peritreta. Adjoining the under furface of the fquare part 
were four tenons or teeth, called autitormi ,//, which en¬ 
tered a circular excavation funk in the furface of the peri¬ 
treta, around the hole of the tonus, in order to keep the 
chocnicis firm in its place ; and in the faid excavation, 
under the teeth, was an iron plate, to prevent the teeth 
from penetrating into the wood. On the upper furface 


of the circular part of the choenicis, a groove g was cut 
diametrically acrofs; and in this groove the epizygis ££ 
was laid. One of thefe choenices was applied to each 
hole of the peritreta, through which the tonus was drawn, 
the. teeth entering the upper furface of the upper peri- 
treta, and the lower furface of the lower peritreta; and 

then the cords i i that formed the tonus were put round 

% 

the epizygis, as before deferibed in the catapulta; which 
being done, thofe cords were twifted, by turning the 
choenicis round with an iron wrench, Fig . CIIT. having 
a fquare collar abcd> fitting the fquare part <*<iof the 
choenicis. 

When the choenicis was made of wood, the grain was 
always to be difpofed perpendicularly; but the epizygis 
was always made of the ftrongeft iron, becaufe it fuftained 
the whole power of the tonus. The proportions of the 
parts of the balifta are here mentioned by Vitruvius, to 
which the reader is referred, with the caution before given 
in the explanation of the catapulta: fome information 
may be drawn therefrom; but experience and trial, as 

Heron obferves, muft ultimately determine. 

& 

The balifta was mounted on a bafe, which is mentioned 
both by Vitruvius and Heron, but deferibed by neither. 
This bafe could not be exa&lylike that of the catapulta, 
for the different form of this engine would not admit it. 
Vitruvius, however, mentions fevcral of its members by 

the fame terms he ufed in fpeaking of the bafe of the 
catapulta. 

The balifta was not worked by a fucula, of any other 
power adjoined to it, as the catapulta was, but by de¬ 
tached powers of various conftru&ions, differing as the 
ftrength of the engine or other circumftances required; 
fome being, as Vitruvius fays, worked with fucula? and 
levers, others by ftieaves of pulleys, and fome by com¬ 
binations of wheels and tympanums, placed at convenient 
diftances and filiations, or fuch as the adjacent ground 
and objects would admit. 



o 





CHAPTER XVli. 

l 

Of the Proportions of the Baliftse. 

A 

jljL BALISTA that is made to throw a ftone of two pounds weight, Ihould have a hole in its 

capitule of V. digits if for four pounds,VI. digits and VII. digits •>]: ten pounds,VIII. digits 

twenty pounds, X. digits forty pounds, digits XII. S . K. fixty pounds, XIII. digits and the 

eighth part of a digit eighty pounds, XV. digits a hundred and twenty pounds, I. foot 

and S. and a digit and half a hundred and fixty pounds, II. feet and V. digits two hundred 

pounds, II. feet and VI. digits two hundred and ten pounds, II. feet and digits VII. two 

*#• 

hundred and fifty pounds, XI. S. 



(i*) Digit or um VI. et digit orum VII. arc the words of 
the text: but it is fuppofed that the words fi pondo/ex, if 
fix pounds, were originally written before digitorum VII. 
and been carelefsly omitted by the copyifts ; for in the 
old Italian editions of Cefariani and Durantino thofe 
words arc inferted. 

Perraulr, however, fuppofes the words of the text, as 
at prefent found, to be right; and that they import that 
the hole may be made of any fize between VI. and VII. 

digits. 

(2*) Here is evidently an error in the text; for a hole 
fo large as eleven feet and a half could not be required 
for the weight of 250 pounds, if a hole of two feet and 
feven digits was funicicnt for a weight of 210 pounds. 
Perrault has tranflated the characters XL S. eleven digits 
and a half , adding alfo two fed without the authority of 
the text; and which he fuppofes to have been an omiffion. 
In fever a l manuferipts I find the paff.ige written thus: 
CCCL.X.—I. S. without the word pondo between them, 
as in the printed copies ; from whence it leans probable 
that in the printed copies theX. has been erroneoufly de¬ 
tached from the former number CCCL,. and added to 
the latter, inftcad of the I.S. and that it was originally 
writtenCCl..—II. S.; fignifying,CCLX. pounds requires 
a hole of two feet and a half 1 for in that cafe the diameter 
of tire hole will be one digit larger than the preceding 
hole, by which it will conform to the rule obferved in the 
lizes of fevcral of the holes foregoing, each of which in- 
cretries by a digit. 



Philo has alfo given the fizes of the holes proportional 
to ftones of divers weights : and Buteus has made a cal¬ 
culation of the fame, upon the fuppofition that a ftone of 
two pounds required a hole of five digits. Thefe authors, 
however, differ from each other, and from Vitruvius, as 
the following table will (hew. 

A table fbewing the diameter of the bole in digits for Jl ones of 
various weights , according to different authors. 


Weight of Stone in 
Pounds or Minx. 

Vitruviiib. 

liutco. 

Philo. 

2 

5 

5 

— 

4 

6 

Vt 

— 

6 

7 


— 

10 

8 

ft * 1 

0 r 0 

1 I 

1 5 

— 

— 

12 - 4 - 

16 

— 

10 

— 

20 

IO 

—- 

Mt 

3 ° 

— 

— 


40 

12 A 

— 

— [ 

5 ° 

— 

— 


54 

—■ 

1 5 

— 1 

60 

1 

1 3 i 

— 

21 1 

3 o 

1 5 

— 

— 

J 20 

21 [ 

— 

Cl 

128 

-— 

20 

-■ ■ ■ 

160 

3 2 

— 

— 

j 80 

37 

— 

27 

200 

38 

— 

— 

2 10 

39 

— 

—— 

2 50 

40 

*5 

-—■ 


llcron gives the following uile for determining the 
fr/.cs of the holes for flone:. of all weights: The number 
of min;v. the Hone weighed, was multiplied by ico, and 
the cube mot of that prodult cxtiai-Lcd, to which root a 
tenth part thereof was added, which gave die diameter of 

O o 
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When therefore the magnitude of the hole is determined, the feu tula, which in Greek is 
called peritretasy is deferibed, of which the length is holes ILF. Z.; the breadth two and a 
iixth part. The deferibed line is divided in half, and when divided the forms of the extre¬ 
mities are contra&ed, fo that the oblique formation may have a lixth part of the length and 
of the breadth, at the return (verfura) a fourth part. In that part alfo is the curvature in 
which the points of the angles project, and the holes are turned, and the contra&ures of the 
breadth return inwardly a fixth part: the hole is fo much oblong as the epizygls is thick. 
When it is deferibed, it is divided around fo that the extremity may have a gentle curvature 
the thicknefs of it is S. T. of a hole. The modiols are made II. :— holes, the breadth I.S. 9. 
the thicknefs, exclufive of what is inferted in the hole, is S. I. of a hole; at the extremity 
alfo the breadth is I. T. of a hole. The length of the paraftatae V.S.r.holes ; the curvature a 
half part of a hole ; the thicknefs, U of a hole, and LX. part. At the middle the breadth 
is enlarged as much as it is near the hole made in the defeription, in breadth and thick- 

u 

nefs V. of a hole, the height IV. parts. The regula which is on the menfa, is in length 
VI. holes, in breadth and thicknefs half of a hole; the cardo II. Z. | : 'j. The thicknefs of 
the curvature of the regula I\ 5. K. The breadth and thicknefs of the exterior regula are 
the fame; the length fo much as is given by the lame return (verfura) of the formation, and 
the breadth of the paraftze and its curvature K. The fuperior regular are equal to the in¬ 
ferior K. The tranfverfe pieces of the menfa U. U, K. of a hole. The length of the {haft of 
the climaciclus is XIII. holes ff; the thicknefs III. K. 

The breadth of the middle interval is a fourth part of a hole the thicknefs an eighth 
part K. The fuperior part of the climaciclos, which is next to the arms, and which is joined 
to the menfa, is in the whole length divided into five parts, of which two parts are given to 


the hole in digits: thus a (lone weighing ten mina, required 
the hole to be eleven digits in diameter j for 10 multi¬ 
plied by 100 produces iooo, the cube root of which is 
ioj to which adding a tenth part, viz. 1, the amount is 
11 digits for the diameter of the hole. 

But we arc not informed for what mina this rule is 
calculated. The Attic mina contained 100 drachmas, 
of which the Alexandrian contained 160, and the Ro¬ 
man pend us 96; fo that much depends on the weight 
of the mina here to be underftood, and which in following 
this rule it is highly necefTary to know. Heron himfelf 
was of Alexandria 1 and this rule of his makes the holes 
much larger for the mina: he means, than Vitruvius allows 
for an equal number of Roman pounds : tlicfe rcafons 
therefore, together with Vitruvius’s nfiertion —** that he 
“ lias tranferibed his account from the Greek authors. 


c< but in fuch a manner as to make it conform to the 
cf Roman weights and meafures,” render it probable that 
it is the Alexandrian mina on which Heron’s rule is 
founded ; and upon this fuppofition, allowing alfo for 
the difference between the Roman and Greek foot, the 
fixes of the holes found by this rule will nearly agree with 
thofe given by Vitruvius, as well as thofe of Philo, who 
feems to agree with Heron in ufing the Alexandrian 
mina. 

Another method was alfo ufed by the antiems for find¬ 
ing the fixes of the holes for Hones of different weights, 
which was this ; Having the fizc of the hole for a fione 
of any weight given, the fizc of the hole for a Hone of any 
other weight was found by the method ufed for doubling 
the cube, i. e. by finding two mean proportionals. It is 
by this method Butco has made his calculation. 
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that member that the Greeks call chelon The breadth f. the thicknefs 9. the 
is III. holes and a half K. 5 the proje<Slure of the cheles S. of a. hole; the plinthigo- 
natos 3 . of a hole and a ficilicus ; that which is at the axon, called the front tranfverlarius, 
is three holes the breadth of the interior regula F of a hole; the thicknefs g. K. The 
replum of the chelon, which is the cover of the dovetail, is included K. The breadth of the 
lhaft of the climaciclus Z. 5.; the thicknefs XII. K. holes. The thicknefs of the fquare 
which is at the climaciclus F. 5. of a hole, at the extremities K. The diameter of the round 
axis is equal to the cheles ; that to the clavictila S; is lefs by a fixteenth part K. The length 
of the anterides F. III. 9. holes ; the breadth at bottom a hole F. at top the thicknefs 
is Z. K. 



* 

The length of the bale, which is called efchara> is holes \\\ the antibafe is holes IV. >\‘ 
and both the thicknefs and breadth a hole \f it is fixed at the half of the height K. The 
breadth and thicknefs of the column is I. S. ; but the height is not proportioned to the holes, 
being made fo much as is proper for the purpofe of the work. The length of the ^rm is 
holes VI. the thicknefs at the root a hole, and at the extremity F. 


I have explained what I have thought moft ufeful concerning the iymmetry of the balifta* 
and catapult# ; but I will not omit to delcribe, as well as I can by writing, the manner of 
preparing them with the twilled cords of finews and hair. 



CHAPTER XVIII. 


Of the Preparation of the Baliftee and Catapultae. 


Fig. CIV. AMS (ABCD) of a fuflicicnt length are provided, upon which are 

fixed chelons ( E) y wherein fuculas (F) are included. At the middle part of the beams 
excavations (GUI) arc made, in which excavations the capitulcs (KLMN) of the catapulta; 
arc inferted, and fattened in with wedges (0), in fuch a manner that they may not be moved 
by the diftenfion. Then the brafs mocliols (P) arc inferted in the capitule; and in them the 
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little iron pins (which the Greeks call epi/chidas y are difpofed: then the ends of the 
topes (R S ) are put through the holes ( S ) of the capitules, and thrown on the contrary fide, 
where, being joined to the fucula (JF), they are wound around it by the levers (T), fo that 
the diftended ropes, when ftruck by the hand, may on both parts yield an equal (bund j they 
are then confined at the holes with wedges, that they may not flip. On the other fide like- 
wife, being palled through in the fame manner, they are, by the levers and fuculas, diftended 
till they found equally. Thus, by the ropes being confined by the wedges, the catapult# are 
adjufted according to the rules of the mufical tones. 



(r*) This word has probably been mifcopied, and 
fholild be read epizygidas ; for it undoubtedly alludes to 
the rpizygis bh> I'ig. CII. which was laid on the modiols 
or chocnices, and which is mentioned by that name in 
the foregoing chapter. 

(2*) This chapter explains the method of forming the 
tonus or combination of twifted cords, from whence the 
power of thefe engines was chiefly derived. 

For this purppfe was ufed the machine F. CIV. called 
by Hercn entcnium . Vitruvius does not fully defcribe it. 
The two parallel beams A BCD were connected by the 
two tranfveife timbers UUW S forming a reftangular 
frame, capable of receiving the capitule ; the extremities 
of thefe tranfverfals UUW patted through the parallel 
beams AB CD, and had holes X, in which wedges O being 
driven, confined the capitule fecurely between the beams. 
The faid capitule KLMN being then placed between 
the beams, with the two peritrette toward the two fuculas 
FF 3 and the chocnices or modiols P being fixed in the 
holes, as before difcribcd, one end ^ of the cord was 
fattened to one of the tpizyges, and the other end R 
carried through both chocnices to the farthett fucula FF> 
to which it was fixed. The end of another cord S was 
alfo tied to the other rpizygis, and in the fame manner 
carried through both chocnices to the other fucula and 
there fixed. Then both the fucula: were turned around 
by the levers 7 ‘, flrainingboth the cords li and .V, till they 
were diminiflied in their thicknefs a third part ; and (as 
Vitruvius lays) till both, upon being (buck, yielded tones 
in uniibn. Wedges were then diiven into the chocnices, 
fo as to fccure the parts of the cords that were between 
the two chocnices from flipping, and to preferve them in 
the fame degree of tenfion. After this, the other parts of 
die colds were loofened from the fuculte j conveyed round 
the epizyges, through both the chocnices, in the fame 
manner as before, and fattened to the oppolite fucula:; 
by which they were diftended till they weie alfo in the 

3 


fame degree of tenfion as the former : and this was re¬ 
peated till the holes of the choenices were quite filled 
with the cords, and would admit no more. 

When the holes were Co nearly full that it became 
difficult to put the cord through them, an iron pin 
called cejlra , Fig. CV. polifhed and oiled, was driven in 
to open a paffage; and then the cord was put through 
by the help of a poliflied iron needle called ramphis. 
Fig. CVI. having a hole near the point, through which the 
end of the cord was patted; and a knob at the other end, 
upon which the hammer ftruck to drive it through. 

The cording being completed, fome of what remained 
of the cord was tied around the tonus, and the reft: cut 
off. Then the end of the arm being introduced between 
the cords, the whole afiemblagc of cords was twifted, by 
turning round the choenices with the wrench. Fig. CIIT. 
as before explained in the defeription of the balifta. For 
wedging the cord in the choenices, the penJ}omis,Fig.CVII. 
was ufed; it was a piece of wood about two or three 
palms long, having a cleft a in its fide, juft large enough 
to receive the cord. The periftomis was laid on the 
choenicis, and the cord inferted in the cleft, in which it 
was fecured by a wedge b. The cord was ufually prepared 

ready for ufe, and wound around a wooden roller, called 
epijlomis , Fig. CVIII. 

Perraulr, among many other remarks, obferves that 
“ it is difficult to comprehend how ropes of eight inches 
“ thick, made of hair, fliould yield a tone fenfiblc to the 
<( human ear." This remark arofc from his idea of - thefe 
engines: lie imagined that it was the whole tonus, or com¬ 
plication of twifted cords, that yielded the found 1 whereas 
it was each feparate cord of which that tonus confilled, 
as the foregoing account fufficiently explains. The in¬ 
tention of this was, that every cord of the tonus fliould be 
equally diftonded, and that the two hemitones fliould be 
equal in power : for if one were llronger than the other, 
the arm it held would recoil quicker, and ait upon the 
miflile before the other arm arrived; by which means the 
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Of Machines for Attack^ and their Invention. 

Of the foregoing things I have fpoken what I could ; it remains now to fpeak of the 
machines ufed in attacks, with which generals conquer and defend cities: and firft of the 
Ram, which is faid to have been thus invented : 

When the Carthaginians were encamped to befiege Cadiz, and had. taken an advanced fort* 
which they endeavoured to demolifh, having no iron tools, they took a beam and flip- 
porting it with their hands, they drove the end of it repeatedly againfi: the top of the wall, 
throwing down the upper courfe of ftones ; and thus gradually, by courfes, deftroyed the whole 
fortrefs. Afterward a certain fmith of Tyre^ named Pephafmenos, excited by this invention, 
erected a mail, from which he fufpended another tranfverfely, like a balance; and by draw¬ 
ing it back, and then impelling it forward, with the force of its blows he threw down the 

I*- 

walls of Cadiz. 



dart would be difeharged by the force of one arm only, 
and would be difeharged in an oblique direction. 

The cords that formed the tonus were ufually made of 
the finews of animals : thofe in the legs of deer, and in the 
necks of bulls, were recommended. But cords made of 
women’s hair were molt preferred, and accounted the 
ftrongeft. 

When by frequent ufe the elalticity of the tonus was 
weakened, it was in fome degree recovered by turning 
round the choenices with the wrench, in the fame manner 
as in the firft forming it. 

The anrients had catapults and balifhe of con- 
ftru&ions different from thofe here deferibed. Bito 
gives a ddcription of two fuch engines, and fays the 
place, purpofe, and other circumftances, often requited 
a difference in their form : Philo alfo mentions many 
variations and improvements that he had made in the 
common conftru&ion. The catapulta found by L.ipHus 
in the armoury of llruflcls, although very fimilar to the 
fort above deferibed, had however many differences, wit!) 
fome of the improvements mentioned by Philo. The 
deferiptions of Vegetius, and of Marcell inns, who lived 
many yeais after Vitruvius, fhew that, in that interval, 
the forms as well as names of the military engines had 
undergone an alteration : thole authors call the engine 


that foot arrows and darts balijla, and that which foot 
ftones onager, from the animal of that name, which is 
faid to kick ftones againft the hunters who purfue it* 
Marcellinus alfo fays the fame engine was called JcGrpion> 
becaufe, like the infett of that name, it held its fling 
cre&. 

The power of thefe engines, according to the reports 
of the ancient authors, mud have been very great : 
Atheneus relates that a catapul taof only a foot in length 
was made to fooot an arrow half a mile ; fome, it is faid, 
would carry javelins acrofs the Danube. The balifla- 
tJii'chargcd large beams of timber, fpears of twelve cubits, 
and ftones of 360 pounds weight. Polybius makes men¬ 
tion of ftones being foot from baliflx' to prevent foips 
entering a harbour. 

Jofcphus records many inftanccs of their power—of 
their beating down the pinnacles and corners of towers, 
and overthrowing whole ranks of men—indicating a 
power almoll equal to that of the modern cannons, which 
is lenrecly credible. 

( 1 *) Pliny, I), vii. cli. 56, fays the Ram was invented at 
Troy* and it is thought it gave life to the llory of the 
wooden horfe, by the means of which the city was taken, 
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Cetras of Chalcedon was the firft who made the timber bafe, with the wheels under it, and 

thereon raifed arreftarise (upright polls) and forked yokes, on which he fufpended the ram * 

% 

covering them with ox hides, that thofe who were placed in the machine, to batter the walls, 

might be fecure. This machine, becaufe it was flow in its operation, began to be called the 

. 5 *‘ 

Ram Tortoife, and was the firft example of thefe kinds of machines. Afterward, when 
Philip the fon of Amyntas befieged Byzantium, feveral other kinds, more Ample, were in¬ 
vented by Polydus the Theflalian ; from whom Diades and Chereas, who were in Alexan¬ 
der’s wars, received their inftrudlion. But Diades in his writings aflerts to have himfelf 
invented the moving towers, which he ufed to disjoin, and carry about with the army ; as well 
as the borer, and the afcending machine, which could be raifed to the level of the walls ; 
as alfo the demolifhing crow, which fome call a crane : he ufed alfo the ram upon wheels, 
the conflru&ion of which he has left in writing. 


# 

The Tower, he fays, ought to be made at leaft LX. cubits high, in breadth XVII. 

Fig. CIX. 

and the contradlure at top be a fifth part of the bottom ; the arredtarke of the 
tower fhould at the bottom be three quarters of a foot, and at the top half a foot: in this 
tower, he fays, may be ten flories, with apertures on the feveral fides ; but the larger tower 

fhould beCXX. cubits high, and of cubits breadth XXIII. S. the contradiure 


Fig. CX. 


at top alfo a fifth part The arredlariae fhould be at bottom one foot, and 
at top half a foot. In towers of this magnitude, XX. floors are made; each floor having a 
circuition of three cubits. It is covered with raw hides, that it may be fecured from all kind 
of projectiles. 


The Ram Tortoife is conflrudted upon the fame principle : it has an interval 

Fig. CXI. 

of XXX. cubits ; the height, without the faltigium (flope of the roof), XVI.; the 
height of the faftigium, from the ftratum (the uppermoft level part) to the top, VII. cubits ; 
alfo out of the middle of the roof a turret not lefs than XII. cubits broad rifes, and therein 


(a*) Athencus, in his Treatife of Machines, aflerts that 
Geras, a Carthaginian, was the inventor of the bafe. It 
has been fuppofed that Vitruvius has copied what lie has 
written on this fubjett from Athencus, or Athcneus from 
Vitruvius. But the latter cxprcfsly mentions, at the end of 
this chapter,that he has copied it from the writingsof Diades, 
from whom perhaps Athcneus alfo copied ; for he quotes 
that author, as Vitruvius alfo does, immediately before his 
defeription. Representations of the ram may be feen on 
the arch of Scverus, and on the Trajan column, now (land¬ 
ing at Rome. 


(3*) Vegetius fays it was fo called from its refemblance 
to a tortoife with its head poked out of its (hell. 

(4*) What Vitruvius calls circuition , Athencus calls 
■pcridromc. Pcrraulc and Gahani fuppofe it to fignify a 
fence or brcallwork. Atheneus gives the height of the 
feveral (lories, which arc as follows: The ill, feven 
cubits and a halfs the 2d, 3d, 41I1, and 5th, five cubits 
each i and all the red four cubits and a half each : rho 
remainder of the meafurc of the height being occupied 
by the floors, bafe, wheels, and roof. 
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is railed four ftories in height, in the upper flory of which the fcorpions and catapultas are 

difpofed ; in thofe below a great quantity of water is colle&ed, to extinguiih fire if it fhould 
happen to be thrown therein. 

In this alfo was the ram machine, in Greek called criodocbe y whereiii were laid rollers per¬ 
fectly turned, upon which was difpofed the ram; the drawing of which backward and forward 

with ropes, produced the great effeCt : this alfo was covered with raw hides, in the fame 
manner as the tower. 


Fig CXII Concerning the Borer he has given thefe rules in writing:—The machine is the 

fame as the tortoife, having in the middle a flraight channel ( A ), like thofe ufually 
made in the catapults or baliftas, of the length of L. cubits, and in height one cubit. In 
this is fixed a tranfverfe windlafs (B), and at the end, on the right and left, two trochlea 
(fheaves of pulleys), by which the beam, armed with iron at the part ( C ) that lies at the 
end of the channel, is moved. Under the fame (beam), included within the channel, are 
rollers, which caufe the motion to be quicker and more vehement; and over the beam that is 
therein are fixed arched ribs (Z>), to bear the raw hides ( E ) with which the machine is 

a 

covered, to defend the channel. 


Of the Crow he has not thought proper to write, becaufe he had obferved this machine to 

6 * 

be of no ufe. 


7* 


Of the Acceflus, which in Greek is called epibathra , and of the marine machines for 


(5*) In the text it is written tuti, which is corre&ed 
by De La£t to tori: for Athcneus, in this place, writes 
cylimlroi ; and at the place foregoing, where Vitruvius 
mentions torus, cyliudrou; fo that, as the fame thing is cx- 
prefled by Atheneus, it is highly probable that the fame 
thing is meant by Vitruvius, in both places j the rather as 
the correction agrees perfectly with the fenfe and meaning 
of the context. 

(6 y ) Apollodorus, Heron, and other antient authors, 

have defcribecl a machine of this name ; and Polybius 

gives an account of one that was invented by the Romans 

at the time of their fir A naval engagement a gain it the 

Carthaginians, with which they grappled the enemies 

Blips, and by that means chidly obtained the viftory, 

2 


(7*) The commentators think the word accejfu fliould 
be written ojeenju , fuppofing it to fignify a machine for 
fealing the walls of a town ; and Perrault, as well as 
Galiani, have fo tranfiated it. But I find it plainly written 
accejfu in all the manuferipts I have feen: and it is well 
known that the antients had machines for gaining acccfs 
to the bottom of the walls, in order to undermine them, 
or fill up the ditches. Julius Cxfar mentions one that 
he uled at the fiege of Marfeilles, called a m ufe ulus; and 
Vitruvius tlefcribes one in the following chapter by the 
name of tejhido, mentioning its ufe by the very words 
accejfus nd viurui/t, The antients, it is true, had alfo 
machines for fealing the walls ; but fince they had ma¬ 
chines for both rhcle purpofes, there is no rcafon to fuppofe 
that the word that clearly expreftes the one, fliould have 
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boarding (hips, he has only promifed to treat; for I have notobferved that he has defcribed 

% 

them. 

I have mentioned what Diades has written concerning machines, and the manner in which 
they are prepared. I fhall now explain fuch others as appear to me ufeful, according as I have 

0 

learnt them from authors. 




Of the Teftudo prepared for filling of Ditches. 




Fig. CXIIL Jl HE Teftudo prepared for the purpofe of filling ditches, and alfo to gain 
accefs to the walls, is thus made :—Abafe ( ABCD ), which the Greeks call efchara , is framed 
together: it is made fquare, every fide having XXV. feet, and four tranfverfe timbers; thefe are 

I* 

connected by two others, in thicknefs F. S. in breadth S. The tranfverfe pieces are about a 


•/ 


been originally written to fignify the other. All the reafon 
I can learn for this fuppofition of the commentators, is, 
that they believe it to be the fame machine that Vitruvius 
has before mentioned in this chapter,by the words ajcaiden- 
tan maebtnam ■, and they alfo fuppofe it to be the fignification 
of the term epibatbra, which Vitruvius fays was the Greek 
name of the machine : but, at the 2 i ft chapter following, 
Vitruvius ufes the word area , which fignihes fome kind 
of inclofurc, or flicker, or fence, for what Atheneus, in 
deferibing the fame objeft, calls epibatbra . This therefore 
argues that that Greek word does not fignify any kind of 
a (lending machine, as fuppofed, but fome kind of teftudo, 
or inclofed machine : and as Vitruvius here applies that 
word to the machine in queflion, this, conjointly with the 
agreement of all the manuferipta and editions of the text, 
amounts almofl to a proof that the word acccjfus is in this 
place the original word, and that it fignihes fome kind 
of tefludo or inufculus ; not a fealing machine, as gene¬ 
rally beleived. 

(1*) This defeription is not very intelligible; I have 
fliewn my conception of it in Fig . CXill, but Perrault 


and I underftand it differently. The four tranfverfe timbers 
on every fide, I fuppofe to mean the two inner and the 
two outer timbers which lie tranfverfely to the fpe&ator, 
on whichfocver fide he views the fquare : the two other 
timbers, faid to connect them, I imagine to be diagonal 
pieces EIi and GF-, for fuch diagonal pieces, though 
not particularly mentioned, are highly proper, and almofl 
indifpcnfable, to preferve fuch a bafe, when in motion, in 
its true rectangular pofition. Apollodorus alfo, in the de- 
fefiption of die teftudo, mentions fucli diagonal timbers. 

(2*) Meibonius thinks thefe characters F. S. fliould 
be F. Z. bccaufe the character fignifying the greater pro¬ 
portion was ufually placed the firft ; Z. accouling to him 
fignifying ,* f , and F. whereas S. is univerfaily allowed 
to fignify i. but fuch dimenfions appear to be too fmall 
for timbers of the length defcribed, and fcarccly fuflicicnt 
to fuflain their own weight without bending in the 
middle ; for which reafon it is probable that the charac¬ 
ters have been falfified and mifeopied. It is not unlikely 
that the text may have been originally written craffis I.S . 
lads 1 . S. the / in the former being changed to an and 
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foot and S. a funder ; and in their intervals (II). are placed arbufeuhe, called in Greek amdxoto - 

3 

desy within which the axes of the wheels, armed with iron plates, turn : and thefe arbufeuhe 
are prepared with turning joints, and have holes through which are pafled levers to move 
them roundj fo that, by turning the arbufcula?, the machine maybe moved forward or back¬ 
ward, to the right or left, or obliquely to the angles, according as the work may require. 
Upon the bafe two beams ( KK, L L) are laid, projecting on both fides fix feet; near the 
projecting ends of which, two other beams (Af, IV) are fixed, projecting before the fronts 
feven feet, as thick and broad as thofe in the bafe. Upon this frame-work are ereCted the 
conneCled polls (^), being, exclufive of the tenons, IX. feet in meafure, one foot and a 


5 * 

palm on every fide ; and being at intervals ( R ) of a foot and a half: thefe are fecured at the 
top by the mortifed beams (S). Upon the beams are placed the capriols (T ) 9 mortifed and 


in the latter omitted ; for a foot and a half in breadth 
and thickncfs would not have been more than fufficient 
for timbers of their length and purpofe. 

Perrault has interpreted F. S. the eighteenth part of 
the length of the timbers; by which he makes their thick- 
nefs a little more than a foot and one third, which is a 
meafure certainly more fuitable: but on what authority he 
has done this, does not appear; for in the next chapter 
he has given F. the value he ufually allows it, viz. the 
**. of a foot, trandating F. Z. the t x t and the 4 of a foot. 


(3*) The arbujcula :, bccaufe the word fignifies little 
trees , are generally fuppofed to have been cylindric pieces 
of timber, having a cleft at the bottom to admit the wheel. 
But, at the following chapter, the wheels that were fet in 
the arbufcula: are faid to have been three feet thick, and 
nearly feven feet in diameter : it muft have been an un¬ 
commonly large and enormous tree to have been of fuffi¬ 
cient diameter to receive fuch a wheel within its body; 
and alfo to have fub(Vance enough left on each fide to 
receive the axis of the wheel, and confequcntly to fupport 
the weight of the whole machine, as well as its lateral 
prefiure when in motion. 

Trees of fuch a magnitude could not always be pro¬ 
cured; and, if they could, it would not be expedient or 
mechanical to ufc fuch a folicl mafs of timber, when a 
frame of the fizc required would anfwcr the purpofe 
better, as being lighter, more manageable, and equally 
ftrong. For thefe rcafons I am compelled to differ from 
former commentators in my idea of the arbufcula'. I have 
(hewn my idea by Fig. CXIV. It confillsof a fqimrc hori¬ 
zontal frame having on the right and left (ides per¬ 
pendicular pieces /•’, fecured by braces G: thefe include 
the wheel //, and receive its axis. 


In the middle of the frame is a perpendicular column 
or tree C, being quadrangular at the part JD that enters 
the frame, and cylindrical above : this cylindrical part 
pafies upward into the tefludo, through the circular in¬ 
tervals II , Fig. CXIII.; fo that, by inferting levers E in 
holes bored in the cylindric part, the arbufcul® might be 
turned by the men in the tefludo to the direction required. 

The arbufculas and wheels were defended from the 
power of the mifliles by the fides of the tefludo projecting 
before them, as Vitruvius prefently mentions. 

Perrault obferves that this was a necefiary precaution; 
and relates that, at the fiege of Oflend, an engineer made 
a machine in imitation of the tefludo of the antients, 
which, for want of fuch defence, was foon rendered ufclefr, 
a cannon-ball breaking one of the wheels : neverthe- 
lefs Perrault has reprefented the wheels expofed in the 
draught of all the machines he has given. 

(4*) There mult be yet two more beams O P, which 
Vitruvius does not mention ; thefe mud lie on, or be 
framed into, the projecting ends V of the latter two 
beams MN, to fupport the polls on thofe fides of the 
tefludo ; for all the four fides projected feveral feet before 
the front of the bafe, in order to defend the wheels, and 
the men who worked them, from the mifliles of the ene¬ 
my, as before obferved. 

i 

(5*) In Galiani's tranfiation this is inadvertently writ¬ 
ten mezzo pi ode, half a foot—in (lead of un piede £•? mezzo, 
a foot and a half—and it is not corrected in the errata. 

( 6 *) Capriols here fignify what arc before called (an¬ 
thers, being the rafters or timbers that form the inclined, 
fides of the roof. 



tenon ted one into the other, rifing in height IX. feet. On the capriols is laid a fquare beam (£7), 

7 # 

by which the capriols are connected : they alfo are fecured with lateraria fixed all over them, 
and are covered with planks of the palm-tree $ or, if not of that, of fome other wood that has 

the proper qualities : excluding, however, pine or alder ; for thefe are weak, and eafily 

.** . J 

take fire. All over the planking are laid gratings, made of flender twigs, thickly interwoven 

% 

together, and being green. Then with doubled raw hides fewed together, and fluffed with 
fea-weeds, or ftraw macerated in vinegar, the whole machine is covered over; fo that it may 
be fecured againft the attacks of the baliftae, and the effects of the firebrands. 



Of other Kinds of Teftudos. 


Ftg.CXF .: THERE is another kind of Teftudo, that has all the parts the fame as that 
before defcribed, except the capriols ; inftead of which it has all round it a parapet, and 
pinnse (A ) made of boards; and at the top declining eaves ( B ), firmly connected by means 
of boards, and fkins fixed thereon. Upon thefe alfo clay mixed with hair is laid, to fuch a 
thicknefs as may prevent the machine from being endangered by fire. Thefe machines may 
have eight wheels, if the nature of the place will admit it to be fo prepared. 


F' CXVI Teftudos that are made for undermining, are called in Greek oryges, they 

are the fame as thofe above written, excepting that their fronts are formed like 
equilateral triangles (AB C)> that the mifliles from the walls that are fhot againft them may 
not be received on a flat front, but be flanted off fide ways, that the diggers who arc within 
may be fecured from danger. 


(7*) Thefe lateraria are mentioned again in the next 
chapter; they were, very likely, planks fixed tranfverfely 
on the rafters of the roof. 

9 

(8*) Perrault has tranflated «• tabulata,” Us coftes, i. c. 
thefldes jbecaufe he fays that word/tonifies a floor, wbUh the 


teftudo had not: but it here evidently means the planks 
or boards with which the capriols were covered. 

(1*) The pinna here probably mean what wc call 
battlements . 


7 








B 


O 


O 


X. 


» 

K 



t?- r vim ^ ^ cms to nic not improper to fpeak of the Teftudo that Agetor the By- 

r/f , » LiJ\,r Jim 

zantine made, and the manner in which it was conftrufted. The bafe (ABCD) 
was in length LX. feet, in breadth XVIII. The four arrc&aria ( E ) that were placed on the 


frame, were formed out of two beams, each being in height XXXVI. feet, in thicknefs a foot 
and a palm, and in breadth a foot and a half. The bale had eight wheels (FF) 9 upon which 

5* 

it was moved; their height was VI. S: —feet, their thicknefs three feet; and were thus 
made out of triple timbers united one to the other with dovetails, and fecured with iron plates 
cold-worked. Thefe had a rotation in arbufculae, or, as they are called, amaxopodes . 


Upon the plane (HIKL) of the trantr®, or tranfverfe beams (GG), that were laid on the 
bafe, were eredled ports (M) of XVIII: — feet; being in breadth : — S. in thicknefs F. Z. 
diftant from each other I. S : — . Over thefe were the circumcluding beams (A 7 ) that con- 


(2 : ') Written in fome manufcripts Heft or 3 and He get or. 

(3*) Atheneus and Heron, who defcribe this teftudo 
of Agetor, fay the length of the bafe was 42 cubits, and 
the breadth 28 cubits : fo that the length Vitruvius 
mentions, viz. LX. feet, may be right ; for as the Greek 
foot was about-sV, orhalfan inch, Ihorter than the Roman 
foor, 42 cubits will make about 60 feet 5 inches and a 
half of Roman meafure. But the latter number in Vitru¬ 
vius (XVIII.) may probably be erroneous, as it feems 
too final 1 for the ufe the teftudo was to ferve ; and that 
meafure in which both Atheneus and Heron agree, viz. 
28 cubits, is probably the right. 

(4*) Where thefe four arreftaria were placed, or what 
purpofe they ferved, is not explained : they did not fup- 
port the roof; for others, XVIII. feet high, are hereafter 
allotted to that office. It is not mentioned whether the 
two beams from which they were formed were joined 
together fide by fide, or at their ends, forming together 
a poft of about 72 feet in length. But I am induced to 
determine, from many circumftances, for the latter* and 
that they were the polls EE , Fig. CXVJI. 

There are many other parts of this teftudo that arc not 
fufficicntly explained, fo that it becomes difficult to con¬ 
ceive its entire conftruftion ; and the tranflators have 
omitted giving any delineation of ir. 

Atheneus deferibes it, but alinoft as obfeurely as Vi¬ 
truvius. A ram is hereafter mentioned ; but it is not faid 
whether or not it was united with the teftudo, or where 
or how it was difpofed. Rams, when joined to telludos, 
were uftially placed within them, that the men who 
worked the ram might be flickered and defended by 
the roof of the teftudo. But this ram could not be fo 


difpofed—1 ft, becaufe the timbers that fupported it are 
deferibed to be fcveral feet higher than the, roof of the 
teftudo : and, adly, if fo fituated, it could not reach to 
batter the wall fo high, or fo far Tideways, as is mentioned; 
for the breadth and height of the teftudo would not ad¬ 
mit it. Thefe were fome, among many other difficulties, 
that impeded the conception. But the fketch annexed 
to Heron’s defeription, in which the ram appears to be 
fufpended above the roof of the teftudo, although it is 
not fo exprefied in the defeription, contributed to form 
the idea. 

(5*) Perrault has interpreted the charafters VI. S: — 
five feet and three quarters. They evidently fignify fix 
feet, and the portion meant by the mark S : —, which is 
generally believed to fignify three quarters of the foor, 
the integer named. Atheneus fays they were four cubits 
and a half, which equals fix feet and three quarters 
exactly. 

(6*) Atheneus fays thefe pofts were twelve cubits long, 
three palms in breadth, and ten digits in thicknefs, and 
diftant from each other feven palms; fo that he agrees 
with Vitruvius in all the meafures except the length, 
which Vitruvius makes more by the character : —. But 
as that meafure is written differently in different manu¬ 
fcripts of Vitruvius, that of Atheneus is more to be de¬ 
pended on. This agreement however of the two authors, 
in all the other meafures, confirms the opinion that the 
character S :—, or :— S, fignifics three quarters of the in¬ 
teger named ; S. figniTying a half, and :— a quarter: 
but it entirely difproves the ufual acceptation of the 
c ha rafters P. Z. which have been fuppofed to fignify v \. 
and of a foot, that is, two inches and a half; a meafure 
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nested the whole frame being I: — foot broad, and S: — thick. Upon this the capriols (0) 

were raifed in height XII. feet. On the capriols a beam ( P ) was laid, that united the 

?# 

framing of the capriols. They had alfo lateraria fixed tranfverfely, the boarding upon which 
covered all the inferior parts. It had likewife a middle floor, fupported upon little beams, 

9# 

wherein the fcorpions and catapultas were placed. And two compact arre&aria ( @) were 

10* 

erefted, being in height feet XXXV. in thicknefs a foot and a half in breadth II. feet, 
conjoined at their tops with a tranfverfe mortifed beam (/?), and with another (, S ) tenonted 
in the middle between the two (hafts, and fattened with iron plates. There was moreover 
placed a moveable timber, laid acrofs within the (hafts and the tranfverfe piece, firmly held by 

11# 

chelonia and ancons. In this timber were two turned axles, from which the ropes (7") (up- 




ported the ram (UV). Above the top of thefe, that fupported the rain, was placed a plu- 


much too (mall for the thicknefs of the pofts, which Athe- 

neus fays was ten digits, or feven inches and a half. Thefe 

6 

charadters F. Z. therefore agree with the explication of 
Meibonius, given in the table of charadtcrs at the 15th 
chapter fc 'oing. 

(7*) The marks \\\ and in feveral places of this 
and other chapters, appear to be not ufed as the fign of 
any number or meafurc, but rather as (tops or periods of 
the difeourfe. Perrault however has thought differently, 
and has invariably cranflated them as fignifying the frac¬ 
tion £ of the integer, wherever they have occurred. I have 
endeavoured to keep them in the tranfiation in the fame 
fituation as in the original, which is the reafon the name 
of the integer is fometimes placed before the number, or 
character, inftead of being after it. 

(8*) The lateraria are explained in the foregoing 
chapter. 

(9*) Atheneus fays this middle floor was placed upon 
the circumcluding beams before mentioned, which he 
calls cpi/ljlia, 

(10*) The height of thefe arreflaria, according to Athe¬ 
neus, was thirty cubits, equal to XXXXV. feet ; it may 
therefore have been originally written XXXXV, by Vi¬ 
truvius, and the copyifls have omitted an X. 

But in the breadth of thefe arredlaria Atheneus is pro¬ 
bably wrong ; for he makes it but three palms, although 
he agrees with Vitruvius in the thicknefs being a foot 
and a half: and ns it is not likely that that meafurc of 
the timber which is called its breadth fhould be Ids than 
that which is called its thicknefs, 1 am induced to think 



that Atheneus may be, in this place, corrupted. Vi¬ 
truvius does not inform us where thefe arredUria were 
raifed ; but Atheneus fays it was in the middle of the 
teftudo. 

(11*) “ Quo infuper collocata erat alternis materies 
“ inter fcapos et tranfverfarium trajedta.” The words 
alternis materies have been rendered by the tranflators 
alternate timbers; but the preceding word erat, plainly 
indicates that they relate to a (ingle objedl: and this is 
confirmed by Atheneus, who mentions it as a Angle 
piece of timber ; fo that the word alternis mud here 
fignify that the faid piece was moveable, and could be 
placed alternately in different fituations, higher or lower j 
thus raifing or lowering the ram, which was fufpended 
thereto. Perrault's idea of two ranges of holes, like thofc 
in the frames for embroidery, feems totally inapplicable, 
and unauthorized by ihc ccxr. 

This moveable timber is faid to have been placed be¬ 
tween the fhafts and tranfverfe piece; which, as Perrault 
obferves, is not poflible, becaufe thofe two parts join : but 
the meaning (in my idea) is, that the faid moveable 
timber was placed within the fpace circumcludcd by the 
(hafts and tranfverfe piece; the word inter being fome¬ 
times ufed by Vitruvius in that fenfe, as was before 
noticed at the 6th chapter of the 8th book. 

(12*) “ Supra caput comm qui continebant collocnrum 
** erat plutcum.” Thefe words have alfo been generally 
rendered , ft Over the head of thofe who managed the ram, 
<( was placed a plutcum : ** but Atheneus fays it was 
placed above the triodoke, or beam that fupported the ram; 
and Heron’s (ketch and words deferibe it to be upon the 
top of the front of the tower. The word mum there foie 
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feum {W\ faftiioned like a little tower, wherein two foldiers could, without danger, {land to 
obferve and give notice of the enemies attempts. The length of the ram was feet CVJ. the, 
breadth at bottom, a foot and a palm ••• the thicknefs a foot ••«. It was diminilbed at the 


head, being in breadth I. foot::: and in thicknefs S.: 


This ram had alfo a roftrum (/ r ) of 


hardened iron, fiich as war {hips ufually have ; and from this roftrum extended four iron 
bars (2^) about fifteen feet, which were fixed to the timber : from the head alfo to the lower 
end of the beam were ftretched four ropes, eight digits in thicknefs* bound in the fame manner 

B £ ^ 

as the maft of a (hip is bound from the poop to the prow ; and thefe ropes were fattened 
With tranfverfal ropes, a foot and a palm diftant from each other, and then the whole ram was 
covered with raw hides : alfo at the upper ends ( T) of the ropes by which it was fufpended, 
were four iron chains, and thefe were alfo covered with raw hides. 



muft allude to the axles (that fupported the ram) which 
Vitruvius has juft mentioned, and not to the men who 
worked the ram j for, ftiould the pluteum have been placed 
juft over thofe men’s heads, it muft have been an impedi¬ 
ment to the ram's motion. 

(13*) As Atheneus fays the thicknefs of the ram was two 
feet, Meibonius fuppofes that,inftcad of crajjitudinepedali, 
Vitruvius wrote crajjitudint bipedali. But Heron agrees 
with Vitruvius in allowing the thicknefs but one foot: 
and all thefe authors agree in its meafure at the head; 
where, according to Heron and Vitruvius, it was dimi- 
niflied a quarter of a foot in breadth and thicknefs. This 
therefore, together with the impropriety of exprefling the 
thicknefs to be greater than the breadth, renders it pro¬ 
bable that the error is not in Vitruvius, but in Atheneus. 

Both Heron and Atheneus fay the length of the ram 
was 1 20 cubits. 

(14*) “ Ex ipfo roftro lamina: ferrete quatuor circiter 
« pedum XV.” 

Perrault has tranflated this paflTage thus : “ From the 
,c faid head proceed four plates of iron, about four feet 
« long." And by his notes it appears that he has fup- 
pofed the word quatuor to relate to pedum, making the 
numerals XV. to fignify T * r of a foot more: fo that he feems 
not to have been aware that he has ufed the fame word 
quatuor twice in the fame fcntcncc \ for he has applied it 
firft to lamina: ferret, faying four iron plates j and then 
again to pedum , faying four feet. 

Galiani notices Pcrraulc’s improper application of the 
word quatuor to pedum ; but has not obferved that he has 
ufed it twice, by applying it alfo to lamhttferret. As it 
has been the conftant practice of Vitruvius throughout 
the whole work, and often repeated in this ‘chapter, to 
exp refs the quantity or number by numeral letters placed 



after the name of the integer, there can be no reafon to 
doubt that in this inftance (which is analogous to all the 
reft) he follows the fame method. 

Thefe numerals XV. therefore undoubtedly relate to 
pedum , and exprefs the number of feet the iron bars were 
in length ; as quatuor does to lament ferret, to denote the 
number of thofe iron bars: and, to confirm this, both 
Atheneus and Heron agree in exprefiing the number of 
the iron bars to be four; and their length to be ten 
cubits, which is XV. feet exadtly. 

(15*) This paflage excites an idea that the ropes ex¬ 
tended from the top of the arredtaria to each end of the 
ram, the two ends of which anfwciing to the poop and 
prow of the Vcffd, and the arredtaria to the maft. £uc 
the words of Heron and Atheneus do not encourage 
fuch an idea; they only import that the ram was girc 
around with the ropes, which, according to them, were 
in number three , although Vitruvius Writes four. 

9 

(16*) Atheneus and Heron deferibe thefe tranfverfal 
bands to be applied only at the middle part of the ram, 
and the number of them to be four; fo forming three 
intervals, from which the four ropes TX, that fupported 
the ram, extended up to the turned axles before named 
at the top of the arredtaria: thus having fome refcmblance 
to the manner in which the maft of a fliip is bound from 
head to ftern. 

<(i7 ft ) Vitruvius has not clearly exprcflVd what ropes 
he here means; hut we learn from Atheneus that they 
were the ropes TX that hung down from the before- 
named axles, and fupported the ram. Atheneus adds, 
that the chains with which the tops of them were bound 
were covered with raw hides, fo that they could not be 
feen. 

R r 
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The proje&ure of it had a compact and fixed area of boards, with large ropes extended; 

the roughnefs of which preventing the feet from flipping, it was more eafily brought to the 

»** 

wall. This machine could be moved in fix manners: progrellively, alfo to the right and left 
fides; by means of its extenfion it could be raifed upward, and declined downward. The 

machine could be elevated, to demolifh a wall, about an C. feet in height; it alfo could reach 

* 

4 

to the right and left fides not lefs than an C. feet: it was managed by an C. men ; and had the 

>it 

weight of four thoufand talents, which is equal to CCCCLXXX. (choufand) pounds. 


(18*) It is uncertain what part is meant by thepro- 
je&ura, which Atheneus calls prcfpbora, whereon the area, 
or inclofure of boards, was fixed. By Heron’s Iketch it 
(hould feem to be the projecting end of the ram itfelf ; 
for the large ropes (or net, a t b , as Heron and Atheneus 
call it) appear to hang therefrom. But the projecting 
end of the ram itfelf feems a very improper place for an 
inclofure of boards to be fixed on ; as the concuflive mo* 
tion of the ram muft (hake it to pieces, how flrongly 

foever it might be connected. I cannot fatisfy myfelf 

# 

with any conjecture concerning it; but am moft inclined 
to believe the projeftura to have been a kind of draw¬ 
bridge, united to fome part of the teftudo: for fuch 
bridges were not uncommon in this kind of machines ; 
they being kept in a perpendicular fituation againft the 
fides of the teftudo or tower till wanted, when they were 
let down by ropes, fo as to project in a horizontal portion 
on to the enemies walls, as foon as a breach had been 
made therein by the battering ram. 

On fuch a bridge the area of boards might have been 

difpofed, to fhelter the men, when croffing thereon to 

% 

the walls of the enemy. 

(19*) The text fays “ this machine was moveable in 
u /tx manners but Perrault tranflates it, three manners ; 
f< 5 r he fuppofes the number to have been written in nu¬ 
merals thus ///. and that the copyifts have miftaken it for 
VL But I find it expreffed by the word Jen in all the 
manuferipts and printed copies I have examined, and 
therefore not likely to have been fo altered. Atheneus 
alfo agrees with Vitruvius in this circumftance, and fpeci- 
fies the fix movements thus : forward ; 2d, backward; 

3d and 4th, to both fides j 5th, upward j and 6th, downward . 

Thefe perhaps may not be admitted to be more than 



three diftinCfc movements 5 but they may have been fix in 
the idea of Vitruvius, to whofc idea it is proper that the 
explanation fhould conform. 


(20*) At this place alfo Perrault believes there is an 
error. It is faid the <c ram could be elevated, to demolifh 
“ a wall, to an hundred feet in height.” This height Per¬ 
rault thinks the ram could not reach, the teftudo under 
which it was placed not being a third of that height. 
Neverthclefs, Vitruvius's words are confirmed by both 
Heron and Atheneus; fo that it is not probable that the text 
is here erroneous. There is a reafon for the ram being 
able to reach fo high, that Perrault feems not to have had 
an idea of; which is, that it was fufpended above the roof 
of the teftudo, not within it, as he fuppofes. There may 
be another reafon alfo, not explained by Vitruvius : this 
is, that the ropes that fupported the ram might not be 
fixed exaCUy at the middle of it, but nearer to its end, 
where, for a counterpoife, was fixed a great weight U; 
this being a method ufually praCtifed, as Apollodorus 
afferts: by thefe means the ram would not only reach to a 
greater diftancc and height, but alfo its momentum would 
be confiderably increafed.. 


(21*) In writing there numerals CCCCLXXX. it is 

fuppofed the copyifts have omitted the line over them, 
placed thus CCCCLXXX. which was a mark the anttents 
ufed to fignify thoufands ; the numbers it was applied to 
then expreffing as many thoufands as without it they 
fignified units: for the talent, although it differed in dif¬ 
ferent countries, was however in fome countries reckoned 
at i20 pounds; at which rate 4000 talents equal 480,000 
pounds. 

In one of the manuferipts at the Britifii Mufeum the 

numerals are really written with the line over them. 

I 
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CHAPTER XXII. 


Of Things relative to Defence. 


o F the Scorpions, Catapult®, and Balift®, as alfo of Tortoifes and Towers, by whom they 

were invented, and how they fhould be conftrudted, I have difeourfed fo far as appeared to 

>• 

me proper. But of the Seal® (ladders) and Carchefia, and thofe things of which the prin¬ 
ciples are more fimple, it is not neceffary to write ; for thefe the foldiers themfelves ufually 
make. Nor can they in aJl places be of the fame conftru&ion ; becaufe fortifications from 
fortifications, and the courage of nations, are different: fome machines fhould be fuited to 
the bold and daring, others to the diligent, and others again to the timid. Whoever there¬ 
fore will attend to thefe precepts, fele&ing from their variety, and combining them together 
in one compofition, will not want other affiftance ; but whatever the cafe, or the circum- 
tfances, or the nature of the place may require, he will without doubt be able to perform. 


. Of defenfive machines it is not pofiible to give an explication in writing: for the enemy 
make not their military weapons like ours ; and their devices are oftentimes, by a fudden 
ingenious thought, without machines, fruftrated. Thus it is reported to have happened with 
the Rhodians. Diognetus was a Rhodian architect, who was paid a fixed annual falary from 
the public, to honour him for his fkill. At that time a certain architect from Arad us, named 
Callias, arrived at Rhodes, obtained an audience, and produced a model of a wall, with a 


machine in a verfatile carchefium fixed thereon, by which he could feize an helepolis approaching 
the fortification, and transfer it within the walls. When the Rhodians faw this model, in 
their admiration they took from Diognetus his eftabliflied falary, and conferred that honour 
upon Callias. 


3# 

About that time king Demetrius, who for his firmnefs of mind was called Poliorcetes, 
preparing for war againft Rhodes, took with him Epimachus, a famous Athenian architect, 
who with great labour, and at an immenfe expence, prepared an helepolis, whofe height was 



(1*) The carchefia arc fpoken of at the fifth chapter 
foregoing. 

(a*) Signifying a machine for the attack of cities. 


(3*) A ciry-befieger. The hiflorians fay Dcmetri is 
was fo called from the number of cities he befieged, and 
from his perfevering in the fiegc till he had conquered. 
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CXXV. feet, and breadth LX feet; which he fo fecured with hair-cloths and raw hides, that it 

% 1 

could withftand the blow of a (tone, Ihot from a balifta, of CCCLX. pounds. The machine 
itfelf was (in weight) CCCLX. thoufand pounds. When Callias was required by the Rhodians 
to prepare his machine againft this helepolis, and transfer it, as he had promifed, within the 
walls, he declared he could not: for all machines cannot be formed upon the fame principles; 
and there are fome that have effects in models, the like of which in the large cannot be pro- 
duced; and others cannot admit of any model, but muft be themfelves executed : fome alfo 

there are that in models appear very fpecious, but when executed at large are ufelefs, as we may 

\ 

obferve by this inftance. So a hole of half a digit, a digit, or even a digit and a half, may be 
bored j but if by the fame means we would make one of a palm, it is not to be done; one 
of half a foot or more feems not even to be thought of: fo that what in fmall works appears 
poffible, in very great is found to be impra&icablej much lefs can the lame methods be pradlifed 
in yet greater works. When the Rhodians, who had done this injury and dilhonour to Diog- 
netus, perceived that they were by thefe principles deceived j and law the enemy determined 
to inveft them, and the machine prepared to take the city \ dreading the danger of flavery, 
and expedting nothing but the deftrudtion of their town, they humbled themfelves to Diogne¬ 
tus, entreating him to affift his country. This at firft he refufed ; but afterward, when the 
delicate virgins and youths, accompanied with the priells, came to folicit him, he then 
promifed it, upon thefe conditions—that, if he took this machine, it fliould be his own. This 
being agreed to, he broke through that part of the wall to which the machine approached; 
and ordered all the people, public and private, to pour through channels made in this aper¬ 
ture whatever water, dung, or mud they had, before the wall. In the night a great quan¬ 
tity of water, mud, and dung being there difcharged, on the following day, when the hele- 

% 

polis approaching came near to the wall, it funk in this humid quagmire 5 nor could it 
afterward be moved forward or backward. When therefore Demetrius faw himfelf overreached 
by the fagacity of Diognetus, he with his fleet departed. The Rhodians then, delivered from 
the perils of war by the ingenuity of Diognetus, returned him thanks in public, and bellowed 
on him all (kinds of) honours, and ornaments of diftindlion. Diognetus then brought the 
helepolis into the city, fituated it in a public place, and thus inferibed it :—Diognetus gave 
this prefent to the people , out of the fpoils of war. 


(4*) Plutarch, in the life of Demetrius, deferibes this 
belejtolis to have been a fquare tower, diminifiling toward 
the top, being 48 cubits broad, and 90 in height! con¬ 
taining nine (lories, and moveable upon wheels, 1c may 


have been a tower of that kind that contained a ram in 
the lower part, deferibed by Vitruvius in the 19th chapter 
of this book. 
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Thils> for defenfive purpofes, we mayobferveit is not fo much machines as ftratagems that 
are to be made ufe of. So at Chios, when the enemy had prepared their fambucce on board 
their fliips, the Chians in the night threw earth, fand, and ftones, into the fea* before the 
wall ; fo that, when they attempted to approach it the following day, the fhips grounded 
upon the heap that was under the water, and could neither approach the wall nor return 
back, but were with flaming fttalleoli there confumed. 


At Apollonia alio, when it was befieged, and the eneitiy by digging a mine thought to 

% 

enter the fortifications without fufpicion, the Apollonians, being apprized of it by their fpies, 
were dilbrdered by fear at the news, were weak in their councils, and confuted in their minds ; 
for they knew not at what time or place the enemy would enter. Then Tryphon of Alexan¬ 
dria, who was the archite& there, marked out many caverns within the walls, and digging out 
the earth, proceeded without the wall as far as the fliot of an arrow, where in all of them he 
fufpended brafs vafes : in one of thefe caverns, that was oppofite to the mine of the enemy, 
the fufpended vafe began to found at the blows of the iron tools ; and by this it was known at 
what part the enemy were working the mine, and intended to penetrate. The Situation 
being thus difcovered, he prepared caldrons of boiling water and pitch, with human dung, 

0 

and heated land, in a place that was over the heads of the enemy: then in the night boring 
a number of holes, through thefe he fuddenly poured the mixture; and thus deftroyed all 
the men who were at work in the mine. 


When Marfeilles likewife was befieged, and there were Upwards of thirty mines dug, the 
inhabitants fulpedling it, funk the ditch before the wall deeper, fo that all the mines termi¬ 
nated in the ditch. But, in the places where there was no ditch, they dug a pond within 
the walls, very long and broad, like a fifli-pond, oppofite to the mine, filling it from wells 
or from the port. As foon therefore as holes were opened, the water rufliing in with great 


(5*) Machines to fcale the walls; fo called from being 
lhaped like the mufical inftrumcm of that name, fpoken 
of at the 1 fi: chapter of the 6th book, where it is fignified 
to be of a triangular figure. Vegetius, 1 . iv. cli. 21, fays, 
" This machine is fo called from its fimilitude to acythara; 
“ for as the firings are difpofed in a cythara, fo are the 
“ ropes in the beam that is put againft the tower, the 
“ beam having pulleys at the upper part. ” It is probable 
therefore that this machine was a ladder, narrow at the top, 
and broad at the bottom ; the flcps of which were formed 
of ropes, that were conncfted by other perpendicular ropes 


on each fide, paffing round the pulleys at the top, and by 
that means being drawn up. Plutarch fays, Marcellus 
was the inventor of the fambuca. • 


(6*) Thefe malleoli were arrows, having combuftible 
compofitions fixed to them j they were fliot againft: the 
objects they wanted to burn. 

The combuflible compound ufed was in aftertimes 
called the Greek fiic; which burnt fo intenfely, that it is 
fuid it could not be extinguished but by vinegar mixed 
with fand and urine* 
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violence, threw down the props; fo that all who were therein were overwhelmed by the 
quantity of water, and ruins of the mine.—When a rampart alfo had been prepared with 
trunks of trees oppolite to their walls, they, by throwing againft it from their balift© red- 
hot iron bars, confumed the whole. And when the ram tortoife approached to batter their 
wall, they let down a rope with a noofe to it, and with this bridled the ram : then, wind¬ 
ing the rope round a wheel by means of a capllan, they held its head fufpended, fo that it 

t 

could not touch the wall; and at laft, with burning malleoli Ihot from the baliftse, they 
deftroyed the whole machine. Thus thefe cities obtained the victory, and were preferved, 
not by the help of machines, but by the Ikill of their architects oppofed to the power of 
machines. 

Of the conftruCtion of luch machines for peace and war as I have judged the molt ufeful, 
I have, as well as I have been able, treated in this book ; and I have, in the preceding nine, 
difcourfed of the feveral other parts of architecture: fo that the whole work might, in ten 
books, explain all the branches of the art. 


THE END. 
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BOOK HI. Ch. III. In my tranflation of the paflage of Vitruvius concerning the fizeof the Roman bricks 
called didoron, I followed the text of the common printed editions, as all former tranflators have done. 
Since, upon obferving the proportions given by Pliny to be very different, I have been induced to confult the 
manufcripts } and, in all I had opportunity to examine, I found the fize to be the fame as that reported by 
Bliny, and different from that given in all the printed editions. In the editions they are faid to be one foot 
long, and half a foot broad ; in the manufcripts, one foot and a half long, and one foot broad. Inftead alfo of 
the name didoron, the manufcripts have it lydium ; not lichum , as Philander reads it (probably by the femblance 
of the letters). The paflage in the manufcripts runs thus :—Fiunt autem laterum genera tria : unum quod 
Graece lydium appellatur, id eft quo noftri utuntur, longum fefquipede, latum pede. 

This meafure of the Roman bricks agrees with many which remain (allowance being made for the different 
fhrinking of different earths) as in the Portico of Odlavia, and other ruins at Rome, and in fame remains of 
Roman buildings in this ifland. (See Archaeologin, vol. iv. p. 88.) The fame fize is alfo allowed them by- 
Alberti in his treatife of Architecture, book ii. cb. x.; by the anonymous antient author in Polenis Exercita- 
tiones Vitruviana;; and by Grapaldi De Partibus ^Edium : this latter fays the bricks were called lydoron , or 

didoron . The Vatican manufcripts quoted by Galiani agree likewife in the fame meafure. 

\ 

But the term didoron, which fignifies twopalms, does not feem applicable to bricks that were a foot and half, 
or fix palms, long : to make it apply* fome commentators have alleged that the major palm of } of a foot is to 
be underftood in this kind of bricks. But it appears not fatisfa&ory that we fhould underftand the fame 
term doron to fignify in one kind the major palm, and in the other kinds the minor palm ; and that the kind 
called the two palm bricks fhould be larger than thole called the four and five palm bricks. 

The letters of the antient manufcripts are very cafily miftaken, and the words are thus converted into others: 
if we might fuppofe that lydoron , according to Grapaldi, was originally written, or rather polydoron , many palms, 
the two firft letters being carelefsly omitted, the term would then well agree with the kind of bricks defcribed 
by it. 

From the foregoing obfervations, I am for altering the paffagc of my tranflation in queftion, thus : inftead 
of a foot long, and half a foot broad, read a foot and half long, and afoot broad \ and inftead of didoron read lydoron 
or poly doron. 

* Pliny alfo differs from Vitruvius in the fize of the bricks called tetradoron and pentadorou, which the latter 
deferibes as being fquarc ; whereas the former fays, all the kinds of bricks were of the fame breadth, and dif* 
fered only in their length. 

N, B. Note (2) of this chapter, fo far as it regards the fizes of the bricks, will require to be corre&cd in 
eonfequencc of thefe obfervation?. 
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APPENDIX. 

There are feveral paflages in this and other chapters which indicate that the bricks Ipoken of were not 
burnt, but dried only. Vitruvius mentions the ftraw ufed in them not adhering in iome kinds of earth; 
of their Ihrinking after they are laid in the building, if the infide be not fufficiently dried; and of their re¬ 
quiring at leaft two years to dry : and at Chapter VIII. he fays, the tops of the walls fhould be covered with 
teftaceous fubftances, to prevent the rain, if it fhould penetrate through the roof, from injuring the bricks in 
the wall. The teftaceous fubftance meant was probably fome kind of burnt earth, as obferved at note (8) of 
that chapter: and, if the bricks were alfo burnt, there could be no reafon for the caution, fince the rain 1 could 
no more injure one than the other. The non-adhefion of the ftraw could not be mentioned in burnt 
bricks; nor.the being dry without fide, and not within; and Ihrinking, from that caufe, after they were laid 
in the wall. It feems probable therefore that the antients, fometimes at leaft, ufed unburnt bricks, perhaps in 
the fmaller houles of private citizens; andthele are what Vitruvius means by the word later, diftinguilhing the 
burnt fort by the term tejla> or later coSius, 

BOOK III. Ch. III. Note (15). It is in this note obferved, that fome commentators have judged that 
Vitruvius prefcribes too large a proportion for the recefs of the cathetal line from the extremity of the abacus 
of the Ionic capital, and have therefore thought his text was corrupted; but, in proof of its purity, there are 
remains of ancient Greek buildings ftill fubfifting, wherein this rule of Vitruvius is exemplified, viz, the temple 
of Apollo near Miletus, and the Ionic temple on the Iliflus at Athens ; in both of which examples the cathetal 
line of the capital recedes from the abacus as much as Vitruvius prefcribes. 


It may be worth obfervation, that the bafes as well as capitals of the columns of the faid temple at Miletus 
agree very nearly, in form and proportion,with the defcription that Vitruvius gives of the Ionic bale and capital; 
from whence it may be inferred, with fome probability, that they were wholly formed on the rules he has 
tranfmitted to us ; and that the volute may be confidered as the true Vitruvian volute, the conftru&ion of which 
fo many ingenious perfons have employed themfelves to difcover.—A reprefentation of it may be feen in the 
Ionian Antiquities. 


BOOK III. Ch. III. Note (16). In confirmation of the reafoning of this note, as well as to Ihew that the 
text is in this place probably authentic, the antient Greek temple on the Iliflus at Athens may be produced as 
an example; for, in this building, the abacus of the capital is in length and breadth equal to a diameter,and about 
one ninth, of the bottom of the column ; and the height of the faid column is fourteen feet eight inches,Engli!h 
meafure. So that it becomes highly probable that Vitruvius intended the abacus to be of this proportion, in 
columns of the height of fifteen feet and under, as argued in the note ; and the former meafure mentioned by 
him, viz . one diameter and -rV, to relate to all columns above that height. As it appears from feveral circum- 
ftances that Vitruvius had ftudied and drawn many of his rules from ancient Greek buildings remaining in 
his time; fo in this inftance it is not improbable that he may have had in remembrance the aforefaid temple, 
the delineation of which may be feen in the firft.volume of Mr. Stuart's Athenian Antiquities. 

BOOK III. Ch. III. Note (17). To the arguments on the fcafrulli impares I can now add the fupportof 
feveral antient examples. When I wrote that note, I had not met with any inftance in which the fmall fillets 
that I fuppofed to be the fcamilli were ufed in the bafes of columns, except in the Sybil’s Temple at Tivoli. 
Since then, I have feen feveral reprefentations of antient buildings in which they were applied as in the 

Temple of Bacchus at Tcos, and Temple of Minerva at Priene, reprgfcntcd in the Ionian Antiquities, both of 

1 


* 



A 


P P E N D I X. 


which have fuch fillets in the bafes of their columns i they are not under the bafes; becaufe the Greeks made 

the. joints of the (tones in different parts, and frequently made the bale, or part of the bafe, of one piece with 

♦ 

the flep on which it flood (as in the firft of thefe examples) ; but they are in both cafes at that part of the 
bafe where the joints have been made, fo that they are equally well firuated to anfwer the purpofc of 
fcamilli as if they were under the whole bafe. In the Parthenon, and Temple of Thefeus, at Athens, and in fome 
other Doric temples, they are ufed at that part where the capital is fet on the fhaft of the column ; for the 
fmall fiflure there obferved appears to be for that purpofe only. Another example is, the Temple of Pola in 
Iflria, in which thefe fillets or fcamilli are found both under the bafes and over the capitals of the columns, 
exactly as Vitruvius mentions. Thefe fillets have not been feen by Palladio, Le Roi, and others, who had 
meafured this temple: and it is owing to Mr. Stuart, and Revett’s accurate delineations (notyet publifhed), 
that I am enabled to produce this example. The fcamilli are alfo ufed in the antient arch yet {landing at the 
fame place. Over the capitals they are to be feen in many antient remains ; as, in the Ionic temple on the 
IlifTus at Athens ; the Portico of Ottavia, called by Defgodetz the Portico of Severus, at Rome ; the Temple 
of Antoninus and Fauflina ; the Forum of Nerva 5 the Arch ofTitus; the Thermae of Dioclefian; and in the 
remains of the Temple of Jupiter Tonans. In this latter there appears a double fcamillus, one above the 
other; the upper one is of white marble, and is let into a cavity made in the lower one. So that it appears 
very probable they were ufed for the purpofes I have conje&ured, that of railing the epiflylium to a level, where 
the columns have varied a little in their height; as well as to prevent rupturing the edges of the capitals, &c. 

BOOK IV. Ch. II. Note (1). In this note I argued the tranftra to be the principal rafters of a roof; but 
I have fince met with a paffage at book x. ch. xxi. where the term is applied to the horizontal timbers of a 
floor— ita fupra tranftrorum planitiem : however, at book ii. ch. i. it is evidently ufed for the rafters, or the in¬ 
clined timbers riling from the four corners of a building, and meeting in a point in the middle of the roof— item 
teSla red Jetties ad extremes angulos tratijlra , gradatim contrahentes. Hence it appears that Vitruvius ufes the term 
in both fenfes; and perhaps it may be applicable to all timbers laid tranfverfcly over a void, whether horizon- 
tally or inclined. The rowers benches, that croffed the fhip from one fide to the other, were diflinguifhed by 
the fame term. 

BOOK IV. Ch. III. Perrault has altered the text, on a fuppofition that it is erroneous in that place of this 
chapter, where Vitruvius prefcribes the breadth of the Doric capital to be two modules and a fixth part; a 
proportion that he, following Barbaro, thinks too fmall to be endured : it has however the authority of a very 
antient example now fubfifling, viz. the Doric Portico at Athens ; in which the breadth of the abacus of the 
capital is rather lefs than two modules and a fixth, according to the meafures given thereof in Mr. Stuart’s 
Antiquities of Athens, vol. i. 

BOOK IV. Ch. VI. The antient door of the Pantheon at Rome, according to Defgodetz, appears to have 
been framed in the manner Vitruvius deferibes, and exemplifies his text very exattly. For of the two middle- 
mofl impages, or horizontal rails, of this door, the upper one was at three fifths of the height, and the other 
at the middle of that height, agreeing therein with the directions of Vitruvius. I have therefore now altered 
Fig. XXXI. accordingly. 

There arc feveral examples of antient doors to be feen on marble farcophagi, which arc framed in panncls. 
One is reprefented in Pirancfi’s Antiquities of Rome, vol. iii. pi. 27 : another is in the colledlion at Wilton, on 
a farcophagus which Hands in the great hall. In both thefe examples one leaf of the door is reprefented opening 
outward, in which manner it is faid the doors of the antient Greeks ufually opened. See Plutarch in the Life 

4 

of Poplicola. 
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